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The goal of this project was to evaluate the growth and nutritional characteristics 
of seven forages, including various warm season native grasses, grown under simulated 
partial shading (50%) typical of a loblolly pine silvopastoral system in East Texas.  In 
order to meet the overall objective, slatted shade structures were constructed that 
simulated the quantity, quality, and overall light regime found beneath loblolly pine 
stands arranged for silvopasture.  The forages selected for the study included ‘Tifton 9’ 
bahiagrass (Paspalum notatum), ‘Tifton 85’ bermudagrass (Cynodon dactylon), ‘Alamo’ 
switchgrass (Panicum virgatum), ‘Kaw’ Big Bluestem (Andropogon gerardii), 
‘Americus’ Indiangrass (Sorghastrum nutans), ‘Harrison’ Florida Paspalum (Paspalum 
floridanum), and Nacogdoches Eastern gamagrass (Tripsacum dactyloides).  The 
experimental design was a two-way factorial design with forage type randomly assigned 
to plots, and shade treatment (0%, 50%) randomly assigned within forage type.  Forage 
produced was managed to simulate intensive grazing, with recognition of minimum and 
optimal grazing heights based on forage type.  Data is presented on dry matter yield, as 
well as several nutritional parameters including mineral composition, in vitro true 
digestibility (IVTD), crude protein (CP), neutral detergent fiber (NDF), acid detergent 
fiber (ADF), hemicellulose (HEMI), and total digestible nutrients (TDN).    
Shade affected several of the forage quality parameters measured, including CP  
(p < 0.0001), ADF (p = 0.0413), HEMI (p = 0.0050), IVTD (p < 0.0001), and TDN        
ii 
 
(p = 0.0132).  Shade also reduced overall dry matter yield (DMY) (p < 0.0001).  There 
were no significant differences in yield based on shade treatment (p = 0.9463) in year 
one.  However, there was a trend for shaded plants to exhibit lower yields except for 
Tifton 9 (TIF9) and big bluestem (BLUS), which were unaffected.  There were 
differences in yield due to forage type (p < 0.0001); TIF9 and Florida paspalum (PASP) 
showed the highest yields regardless of shade treatment.  
Shade affected the parameters differently depending on forage type, but generally 
improved the quality by increasing CP, IVTD, and TDN.  Despite the overall 
improvement in forage quality, shade significantly increased ADF (p = 0.0413) when all 
years were combined, though the magnitude was very small (344.2 vs. 351.1 g kg
-1
), and 
the increase was isolated to BLUS and TIF9. 
In all, forage yields were reduced due to the presence of shade, but overall quality 
was enhanced, which means that cattle grazing the forage would experience greater 
average daily gains (ADG) when no other factor was considered.  Additionally, it is 
known that reduced stress on beef cattle can directly affect their ability to gain weight, 
and ADG can, thus, be enhanced when microclimates are moderated by shade.  These 
assumptions must be tested in the field on a larger scale, and the primary forage 
candidates for silvopasture should be tested first.  The first choice for native grasses, at 
the conclusion of this study, was switchgrass (SWIT), followed by indiangrass (INDY).  
Other forages such as gamagrass (GAMA) and PASP would likely have performed better 
if they were managed differently, such as cutting by days of rest instead of by height.  It 
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is possible that they would be good inputs to a silvopasture system, although new studies 
need to be conducted.   
Light was analyzed for quality and quantity in full sun, beneath loblolly, and 
under the shade structures in this study.  Overall mean reduction by the shade structures 
was 47.1%, allowing 52.9% of the solar radiation to reach the understory.  This is slightly 
higher than the targeted 50%, and is likely due to light scatter by vegetation beneath the 
structures, and bending after contacting the intermittent slats. 
Mean light reductions on sunny days in blue (B),green (G), red (R), far red (FR), 
and photosynthetically active radiation plus far red (PARFR), by the structures, were 
52.36, 54.59, 55.44, 54.12, and 54.14%, respectively; mean reductions beneath loblolly 
for B, G, R, FR, and PARFR were 72.65, 81.06, 81.9, 78.9, and 80.17%, respectively. 
There were tendencies for the proportional changes in light under the structures to 
behave more similarly to full sun, when compared to loblolly pine.  For studies that 
utilize artificial shading to study effects on forage quality, it is important to consider 
possible differences in forage morphology that directly alter quality as a feed source.  
Despite the low average differences in the light beneath the structures and loblolly, there 
were many significant differences attributed to the shade source (loblolly or shade 
structures).  Thus, the plausibility of using wood lath shade structures to simulate 
understory light for the purposes of research exists, but it is thought that the structures 
could be improved by painting to selectively reflect green and enhance understory 
proportions of photosynthetically active radiation (PAR) in a way that more closely 
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resembles loblolly pine.  For the purposes of research, structures or artificial shading that 
corrects the apparent proportional differences should be used.  It is also thought that 
intermittent light effects forage morphology differently than steady shading that would be 
provided by cloth, suggesting that an intermittent shading such as would be found in a 
silvopasture could more closely replicate understory light conditions and presumably 
forage responses such as stem elongation.   
Soil parameters were also analyzed, and results indicated that there is potential for 
improvement in soil quality in a silvopasture, relative to conventional open pastures, and 
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The number of people dependent on the world’s resources continues to increase 
(Brown et al., 2011), placing greater demands on the world’s resources like land, food, 
fiber, and energy.  Production practices must be implemented that will utilize scarce 
resources in the most efficient way possible while ensuring long-term productivity of the 
land.  Agroforestry provides an alternative to traditional agricultural and silvicultural 
practices and has been shown to reduce nutrient runoff (Verchot et al., 2007; Bambo et 
al., 2009a), increase production (Belsky, 1994; Jose, 2009), and provide more sustainable 
options for production of food and fiber (Verchot, et al., 2007; Jose, 2009, Aiyeloja et al., 
2011).  Agroforestry combines trees, crops, and possibly grazing animals on a single land 
base, and has the potential to provide long-term financial stability for producers while 
reducing environmental impacts seen in traditional agricultural systems (Jose, 2009; Nair, 
2011).  Agroforestry provides an opportunity for producers to diversify production, 
allowing them to meet their current income needs while investing in a future harvest that 
will provide long-term economic stability (Bambo et al., 2009b; Jose, 2009).  
One type of agroforestry, silvopasture, is an intensively managed system that 
combines tree crops with pasture and grazing.  This system has been shown to increase 
nutritional quality of warm and cool season grass species (Burner and Brauer, 2003; 
Buergler et al., 2005), as well as increase animal health by providing shelter from 
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extremes of heat and cold (Buergler et al., 2006; Karki and Goodman, 2010).  This 
system provides an annual income for producers in the form of cattle or other livestock, 
while providing for the growth of high quality sawtimber in the future (Grado et al., 
2001).  In addition, management of the tree crop to improve stem quality is easily 
accomplished due to the optimized spacing of trees, while the forage yields of some 
species under partial shade (up to 50%) remain similar to that of traditional fields 
receiving full sunlight (AFTA, 2000).  
Local potential.  East Texas is well suited for a silvopasture production system.  
Warm season forages provide long grazing periods that last from approximately April 
through September, and sometimes extending into October.  Rainfall is relatively high, 
which would potentially offset some of the moisture competition among the intercropped 
trees and forages.  Also, commercial tree species common to the area such as loblolly 
pine (Pinus taeda) have shallow lateral roots that allow stratification with the deeper 
roots of many warm season grasses.  Cattle production can be sustained without 
supplemental feeding almost year round with the integration of cool season forages, and 
there are many legumes available that can extend the grazing period and add nitrogen to 
the system through symbiotic N-fixation.  This also serves to provide additional protein 
to cattle and can enhance overall gains.  
Other environmental factors exist that make the region especially favorable for 
silvopasture.  These include sensitive watersheds that could benefit from the improved 
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water quality protection provided by this system of production.  Also, marginal overall 
land productivity inherent to the region may be improved with this multiple production 
strategy.  
Local markets for products.  There are many products that can be grown in an 
agroforestry management system, and silvopasture is the best suited type of agroforestry 
for this region, partly because of the existing markets and infrastructure in the region that 
allow landowners to sustain a profitable business.  The specific products for which 
markets exist in the region derived from a silvopasture system include cattle, saw-timber, 
pulpwood, hay, and sometimes pinestraw.   
The overall lack of applied research of potential forages for use in a silvopasture 
in this area is inhibitive to the adoption of silvopasture by producers.  Without data on the 
potential yields and quality from specific forages, it is unlikely that producers will be 
willing to move into this system of production.  This project sought to fill information 
gaps by determining the yield and quality of specific forages grown under the partially 
shaded environment of a simulated loblolly pine silvopasture system.   
Additionally, surface soil temperature and moisture dynamics of the system were 
investigated.  In East Texas where soils are inherently low in organic matter, systems that 
positively moderate soil temperature and moisture may sustain or enhance soil organic 
matter levels.  This will increase the overall soil health, which is necessary to combat the 
effects of potentially poorer soil quality on forage production.  Small losses in production 
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amount to large losses over time in beef cattle production and associated profit margins.  
The moderated climate has the two-fold effect of increasing soil quality, while providing 
a better environment for cattle where grazing time is increased, and cattle stress is lower, 


































The overarching goal of this project was to evaluate the growth and nutritional 
characteristics of seven forages grown in a simulated loblolly pine silvopastoral system.   
 Specifically, the primary objectives of this project were to: 
1) Determine effects of 50% shade on yield and quality of seven forage       
types in a simulated silvopasture system 
 
2) Determine effects of species and cultivar on yield and quality of seven 
forage types in a simulated silvopasture system 
 
Secondary objectives were: 
 
3) Analyze similarity of quality and quantity of light beneath the slatted       
structures in this study, loblolly pine, and full sun 
 
4) Analyze surface 15cm of soil for temperature and moisture differences 
due to shade and cover type 
 
5) Analyze three-year effect of shade and cover type on surface (15cm) 
soil organic matter (SOM) 
 
6) Develop models utilizing all forage types in this study that describe the 

















According to the Association for Temperate Agroforestry (1994a), the pine belt in 
the South has the greatest potential for agroforestry in the United States.  There are 
40,095,000 ha (99 million acres) of forested land in this region, much of which could be 
producing high quality pasture if conversions to agroforestry were made.  East Texas, 
which is part of this region, has over 4,860,000 ha (12 million acres) of forested land, 
almost half of which supports loblolly (Pinus taeda) or shortleaf pine (P. echinata) 
forests (AFTA, 1994a).  Recently, softwood growing stock in East Texas totaled 
263,190,000 m
3
 (9.3 billion ft
3
).  In addition to being a top producer of loblolly pine, 
Texas cattle production ranks first by cash receipts in the nation.  In 2004, Texas cattle 
generated almost eight billion dollars, and comprised 17% of the total national production 
(USDA, 2007).  In general, agriculture use comprises over 75% of the land area in the 
East Texas region, with timber production being the main commodity, with forests 
occupying 2.9 million ha.  Native rangeland and introduced pastures comprise another 
1.6 million ha.  Much of this land could achieve greater productivity and environmental 
benefits, such as ecosystem services, due to the unique opportunities that exist for 
agroforestry in this region.   
Many of the issues that are of concern in this region include sediment delivery to 
water bodies from soil erosion, degradation of soil productivity, and pathogen and 
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nutrient inputs to water, from land applied soil amendments on agricultural fields 
(Azevedo et al., 2004; Barham et al., 2002; Sharpley, 1999).  The waterways in this 
region are subject to non-point source and point-source pollution from agricultural, 





) of water surface, and several major watersheds exist in the East Texas region 
including the Sabine, Neches, and Trinity river basins, that are directly impacted by 
management of lands within the watersheds.  These watersheds contribute nutrients and 
sediments to these river systems and eventually deliver these loads to the Gulf of Mexico 
(McBroom et al., 2008).  The economic need for small producers to achieve high levels 
of production can promote unsound management practices that contribute to increased 
nutrient and sediment transport.   
 East Texas is within the Gulf Coastal Plain region which has the appropriate 
physiography, climate, soils, and other characteristics necessary to support silvopasture 
or other agroforestry operations (Evers, 2010).  The soils in this region developed in 
marine parent materials left from the Cenozoic period, and the landscape on a large-scale 
is comprised of a relatively low relief surfaces that slope gradually toward the Gulf of 
Mexico.  The natural drainage of waters toward the Gulf creates high and low elevations 
and variable soil depths, which all contribute to a highly diverse and variably productive 
eco-region (Marks and Harcombe, 1975).   
Climate.  The climate in this region is humid-subtropical with mild winters and 
hot summers.  East Texas has 240 frost free days a year, high precipitation at 1,267 mm 
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(48 in) annually, and experiences relatively equal distribution of precipitation events.  
These conditions contribute to the development of highly weathered soils that are not 
conducive to row cropping due to low inherent plant nutrient content, but that can support 
silvopasture or other agroforestry management systems comprised of appropriate species.  
Additionally, these same characteristics give East Texas an advantage over other regions 
for agroforestry operations, with potential for almost year-round forage availability 
(Evers, 2010).   
Soils.  The soils of East Texas are highly variable (Phillips, 2001), and consist 
primarily of Alfisols and Ultisols.  These soils are moderately to highly leached, 
respectively, and are generally acidic.  They are characterized as having marginal 
productivity and are subject to compaction from heavy equipment and grazing animals.  
In many areas soil erosion, poor management, mining or other operations have exposed 
subsoils and thus have further reduced site quality and productivity.   
Along rivers and streams, there are alluvial soils, usually classified as Inceptisols.  
These areas are often kept in native vegetation to maintain integrity of the stream banks 
in order to protect water quality, and are often included in government conservation 
programs such as the USDA Conservation Reserve Program (CRP) and the 
Environmental Quality Incentives Program (EQIP) (Ryan and Marks, 2005).  Several 
grasses used for this purpose or for correcting compaction in subsoils can be utilized in a 
silvopasture or agroforestry practice, some of which are included in the study.   
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Ecoregions.  There are 12 EPA Level III Eco-regions classified in the state of 
Texas (Griffith et al., 2007; USEPA, 2003), based on the quality and quantity of available 
resources.  East Texas is transitional between the East Central Texas and the South 
Central Plains region, and forest cover types prevalent in our area include the 
Pineywoods, Hardwoods, and Bottomland Forests.  There are also smaller ecosystems 
within these broader classifications due to topographical variation that leads to unique 
soils that are excessively sandy, clayey, or otherwise atypical.  Examples of these unique 
ecological niches include the aeolian sands such as found in Tonkawa soils (Typic 
quartzipsamments), or the highly eroded soils common to the Nacogdoches series 
(Rhodic paleudalfs).   
Grasses.  The grasses of Texas include a variety of native and naturalized species 
within the subfamilies Panicoidaea (mesic habitats, including East Texas), Chloridoideae 
(xeric habitats, west-central Texas, Trans Pecos), and Pooideae (cool season winter and 
spring annuals found throughout).  Almost 90% of the grasses in Texas are classified as 
such (Shaw, 2011), and in East Texas, there are many sites that would support the 
inclusion of these grasses in a silvopastoral production system.  
East Texas is largely comprised of mesic sites that are naturally marginally 
productive, but also has niche sites that are more xeric that support other types of grasses 
and trees.  There are prime areas for supporting growth of panic (Panicum spp.) grasses 
and paspalums (Paspalum spp.), and other genera included in the study: Andropogon, 
Cynodon, Tripsacum, Sorghastrum.  The primary reasons for managing woody plants or 
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grasses in East Texas are to provide fiber or food for human consumption, feed for 
livestock production, or ground cover for land reclamation (Shaw, 2011).  Specific plant 
requirements (resource needs) of grasses and woody components can be highly 
compatible when considering the optimization of a silvopasture system.  Many native 
warm season grasses, as well as loblolly pine (Pinus taeda), are able to grow on a diverse 
set of soil types including poorly drained flood plains, well drained slopes, eroded soils 
with exposed B horizons, and old agricultural fields (Shaw, 2011).  East Texas contains 
many sites that are currently in degraded conditions, and therefore, silvopasture utilizing 
loblolly pine and a grassy understory has potential to greatly improve productivity and 
economic security for producers. 
Silvopasture and the Environment 
More diverse species compositions of plants found in a silvopasture lead to an 
increase in ecological diversity on all scales including soil microbial populations, insect 
populations, and bird species diversity.  Native bunch grasses provide spaces that 
facilitate nesting and fledgling success of many bird species such as quail (Coturnix 
coturnix) and turkey (Meleagris gallopavo silvestris), and produce more complex 
ecosystems in general.  Introduced grasses commonly used in the region generally do not 
provide this environmental benefit and tend to create ecosystems with much less species 
diversity.  Complex interactions that are not fully understood are enhanced in the soil 
when multiple root types are present.  Increased micro-biodiversity in the soil and in the 
environment as a whole allows for improved nutrient cycling and sustainability of the 
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system.  Alleyways between the trees attract wildlife such as white-tailed deer 
(Odocoileus virginianus).  
Other, more global issues that can be addressed with silvopasture include 
increasing levels of carbon dioxide in the atmosphere that may be offset using trees to 
provide a mechanism by which carbon can be sequestered through woody biomass 
accrual, and increases in SOM with higher vegetative inputs.   
Mitigation of nutrient losses.  Some of the local issues that contribute to the 
viability of a silvopasture production system are the relatively coarse textured soils found 
in much of the area, and the fact that the area contains sensitive watersheds.  Trees have 
been shown to reduce soil erosion and overland flow (Allen et al., 2004), thus reducing 
introduction of nutrients to nearby streams or waterways via sediment transport.  The 
physical barrier provided by trees as well as the stabilizing effect of roots within the soil 
decrease the chance of soil movement.  Grasses can provide the same benefits and are 
frequently used in conjunction with trees for the explicit purpose of erosion control, or 
for providing a buffer between agricultural fields and streams (i.e. riparian buffer zones). 
In addition to providing a physical barrier to erosion, the presence of multiple root 
structures (i.e. trees and grass) in a silvopasture increases the chances that nutrients that 
are leaching will be intercepted by roots before leaving the system.  Variable root depths 
and structures exist between trees and grasses, and within tree and grass species, 
respectively.  For example, loblolly pine distributes sinker roots after disintegration of the 
tap root, and the sinker roots can achieve depths that rival those of many warm season 
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grasses.  The inclusion of these two crops in the same system would be viable, assuming 
appropriate alley widths were used to facilitate adequate light for forage and biological 
space for roots. 
Drought tolerant, warm season perennial grasses root deeply, sometimes a few 
meters, and therefore would likely contribute to deep root interception better than 
relatively shallowly rooted crops such as annuals.  Additionally, differences exist 
between native and naturalized grasses that may contribute to the viability of a selected 
crop for inclusion.  Naturalized grasses tend to have deep roots, but native grasses 
allocate more resources to root production, allowing more lateral expansion and access to 
water when compared to some naturalized species.  Deeply rooted grasses can assimilate 
nutrients leached from the upper horizons where much of the nutrient loading occurs 
(Birdsey et al., 2006).   
Regardless of the species, the ability to root deeply allows access to deeper 
moisture reserves and is considered an adaptive trait for dry conditions.  This same trait 
can serve multiple functions in addition to drought tolerance, including penetration of 
plow or natural pans, soil stabilization, and increased resource acquisition.         
These benefits would be especially useful in East Texas.  A prominent 
environmental issue in the region is excessive phosphorus (P) loading of soils from 
frequent application of poultry litter from local broiler houses.  Poultry litter is commonly 
used as a soil amendment in East Texas due to the high concentration of broiler 
production combined with proximity to agricultural fields where the litter can be applied; 
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however, repeated applications of litter, at rates that meet crop N requirements, result in 
excessive P loading in the upper soil horizons (Blazier, et al., 2008; Johnson et al., 1992), 
and subsequent increased risk of P transport via overland flow or leaching.  High costs of 
transportation make it uneconomical for litter to be transported to other regions where 
soils are deficient in P.  When soil P reaches levels of approximately 200 ppm, there is an 
increased risk of sedimentary transport or downward leaching into groundwater.  P 
transport occurs usually after significant rainfall events, and represents a major 
environmental problem frequently associated with litter application (Johnson et al., 1992; 
Little et al., 2005; Michel et al., 2007).   
Loblolly pine, which are frequently used in silvopasture production systems, and 
are common in the region, is a fast-growing tree species that contributes to overall soil 
stability, reducing erosion and general nutrient losses (Baker and Langdon, 2011).  The 
variable soil zones occupied by tree and forage roots when pine are combined with a 
forage understory increase the chance that nutrients leached downward in the soil will be 
intercepted before reaching ground water sources (Bambo et al., 2009a; Bosch et al., 
2004; Burner and McKowan, 2005; Johnson et al., 1992; Jose, 2009).  
Simultaneous losses via leaching and overland flow have also been studied.  
Blazier et al. (2008) studied the effects of poultry litter application on a loblolly pine 
silvopasture in order to test the feasibility of using these sites to receive poultry litter at 
high amounts as an alternative to conventional open pastures that are frequently already 
loaded with P.  The primary goal of the study was to seek ways to reduce the risk of P 
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loss via overland flow and leaching.  The application of poultry litter, as well as the use 
of fall-planted subterranean clover cover on a loblolly pine silvopasture increased tree 
growth, while the clover helped reduce water soluble soil P levels in the upper soil 
horizons below published thresholds for risk of runoff.  Loblolly pine in a silvopasture 
production system has the potential to sequester nutrients and subsequently produce 
enhanced tree growth.  However, the high rates of poultry litter such as applied in the 
study could lead to excessive nutrient loading in the soil and, thus, possibly a higher risk 
of nutrient runoff. 
Michel et al. (2007) studied loss of P from sandy soils in Florida from an open 
pasture setting compared to silvopasture.  There was less P buildup in soils in the 
silvopasture setting, and this reduction decreased the chance of P runoff and leaching.  
These results are consistent with other studies that illustrate the ability of silvopasture to 
protect waters from overland flow and leaching (Bambo et al., 2009a; Bosch et al., 2004; 
Burner and McKowan, 2005).   
N volatility loss is also a problem in this region.  It is a common occurrence from 
chicken litter application, or other land applied manure and fertilizer practices, and is 
related to microclimatic conditions.  When soil is dry during fertilizer application, surface 
applied N will temporarily remain in place (approximately a week) until rainfall or 
irrigation events contribute to the downward movement and subsequent retention of N 
fertilizer in the soil for plant uptake.  If surface soils are moist and undergoing 
evaporation, some of the applied N is lost via volatilization.  This process is driven 
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partially by wind and temperature (a result of solar radiation), and decreases with 
irrigation or rainfall events that facilitate incorporation of N into greater soil depths (Brix, 
1993; Whitehead and Raistrick, 1990).  Agroforestry provides canopy cover that has been 
shown to reduce evaporation losses of moisture by moderating surface wind speeds and 
reducing soil temperature (Karki and Goodman, 2010).  
Soil microbial activity.  The availability of many plant nutrients in a cropping 
system depends on enzymatic-mediated mineralization of those nutrients by 
microorganisms.  For these processes to occur, the environment must be suitable for 
microbial communities.  Favorable conditions are those that have available C in the form 
of soil organic matter or root exudates, sufficient but not excessive temperatures, and 
sufficient but not excessive moisture.  Dry conditions (drought) limit both the diffusion of 
nutrients within soil pores and the physiological abilities of soil microbes.  Microbial 
populations also depend on the quality and complexity of the soil organic matter 
substrates, with more complex substrates being more difficult to decompose. 
Soil microorganisms are diverse, and the number of species that exist are in the 
tens of thousands in a typical soil.  Microorganisms include algae, molds, mushroom 
fungi, mycorrhizal fungi, actinomycetes, and soil bacteria.  Other organisms that depend 
on quality soil conditions for survival include earthworms and other larger organisms 
(Brady and Weil, 1999). 
Microbial processes.  Microbial processes are directly influenced by the soil 
environment and availability of substrates such as C and N.  Silvopasture may affect 
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substrate availability by moderating the microclimate, thus enhancing C and N in the soil.  
One major function of microbial activity in soils is N cycling.  Microbial activity is a 
necessary component to the nitrogen cycle, which is considered as important to our 
existence as photosynthesis (Boring et al., 1988).  Processes that are responsible for 
nutrient cycling and are accomplished by microbial activity include hydrolytic, oxidative-
reductive, assimilatory-dissimilatory, and N-fixing reactions.  These reactions are 
classified as solubilization, mineralization, and immobilization. 
The three primary reactions in the N cycle that are accomplished by soil 
microorganisms and other soil organisms include ammonification, nitrification, and 
denitrification.  Ammonification and nitrification are considered N inputs to the soil 
plant-system, while denitrification is considered a loss.  Ammonification is the process by 
which organic N is mineralized through the actions of decomposer organisms to yield 
ammonia (NH3) and ammonium (NH4
+
) ions, and nitrification is the process carried out 





 to nitrite (NO2
-
) and nitrate (NO3
-
) (Brady and Weil, 1999).   





) are reduced to NOx or N2 gases which migrate to the 
atmosphere.  Denitrification is a loss of N from the system and should be avoided by 
proper management in agricultural systems trying to increase available N to crops (Brady 
and Weil, 1999).   
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Mineralization is the process by which organically complexed N is broken down 
to inorganic and biologically available N in the form of NH3 and NH4
+
, which can then 
be oxidized to NO3
-
.  Environmental factors such as temperature and moisture are the 
primary factors affecting mineralization.  However, this process is also moderated by the 
C:N ratio.  Soil microbes are energy limited by C, and biomass limited by N, so as the 
C:N ratio changes, the efficiency by which mineralization can occur also changes.  If, for 
example, there is an excessive amount of available C compared to N (high C:N), 
microbes will be limited by nitrogen for new biomass, and will thus use up all available 
N before plants are able to access it.  If the ratio is balanced, N becomes available to 
plants because the C in the soil is at equilibrium with the microbial needs, allowing 
available N to remain in the soil for plant uptake (Brady and Weil, 1999). 
Immobilization is also controlled by environment and by the proportion of C to N 





in the soil are converted to organic forms, primarily plant and soil faunal 
biomass.  This renders the N unavailable until the process of mineralization is repeated.  
N fixation can occur because of the actions of either symbiotic or non-symbiotic soil 
microbes (Boring et al., 1988). 
Favorable conditions for microorganisms.  Soil microbes are sensitive to their 
environment and, thus, respond to management practices.  For example, when fertilizer N 
is added in a concentrated form (i.e. urea, ammonium nitrate) to soils, the concentrated 
release of ammonia gas temporarily inhibits microbial activity, thus reducing 
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functionality; however, after this brief period, microbial function recovers (Brady and 
Weil, 1999).   
Ideal soils for microbial populations are well-drained, but with high available 
water capacity due to favorable clay or organic matter content.  However, many upland 
soils in this region are low in organic matter due to climatic conditions that favor rapid 
decomposition, and many are coarse textured and well-drained, with inherently high bulk 
densities.  Despite being typically well-drained to excessively drained, some moisture 
availability is maintained in dry periods because of subsoil argillic horizons that have 
higher available water capacity than surface soil horizons (Dolezel, 1980).   
Other soils in the region are in wetter microenvironments, such as poorly-drained 
or very poorly drained depressions or seasonal floodplains.  These areas may be 
inundated periodically throughout the year, and these conditions can temporarily limit the 
microbial populations that are responsible for mineralization.   
Management affects the environment on large and small scales.  Certain practices 
tend to increase microorganism numbers and diversity.  These include practices that 
increase soil aeration and improve drainage, or practices that increase organic matter 
inputs in any way, such as manure additions or additional dry matter production.  Liming 
and fertilizing also often improve populations of soil microbes by supplying necessary 
nutrients for increased plant production, which in turn benefits soil microbial populations 
by increasing the soil organic C (Brady and Weil, 1999). 
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Practices that reduce the viability and diversity of the microbial population 
include anything that contributes to a limitation of their resources.  This could be a 
reduction in oxygen availability due to soil compaction, or a loss of organic matter 
through excessive tillage, erosion, or fallowing that exposes the OM to heat and moisture, 
thus expediting decomposition, or in the case of erosion, direct removal.  Conditions 
could be negative when monocropping practices are used, or if the land is contaminated 
with pollutants.  In East Texas, excessive solar radiation (temperatures), high 
precipitation, and coarse textured soils contribute to fast decomposition rates and an 
inherently low organic matter supply.  Soils in this region typically contain between 1.5 
to 2 percent soil organic matter (SOM), so microorganisms in this region are frequently 
energy limited by soil organic carbon.  Additionally, soil N levels in unamended soils are 
also low, with only one to two percent of that organically bound N being mineralized 
each year (Brady and Weil, 1999).     
Silvopasture systems have been shown to moderate conditions beneath the tree 
canopy by reducing solar radiation and wind, thus increasing soil moisture and reducing 
soil temperatures during the growing season (AFTA, 1994c; AFTA, 2000; Nair, 2004; 
Nair et al., 2007).  Additionally, the enhanced plant species composition of silvopasture 
systems diversifies soil microbial populations (Kowalchuk et al., 2002) and introduces 
functional redundancies (Van Der Heijden et al., 2008) that promote sustainable 
productivity.  Functional redundancies exist when multiple species are present that 
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accomplish the same task, such as mineralization.  Incorporating multiple plant species in 
the same soil area will increase microbial diversity. 
Silvopasture and pathogens.  Another environmental benefit of silvopasture is a 
potential reduction in contamination of water sources by pathogens such as Escherichia 
coli (E. coli).  Pathogens are problematic and are often attributed to non-point source 
pollution from manure and poultry litter applications on agricultural lands (Spiehs and 
Goyal, 2007), and also from natural deposition by white-tailed deer (Odocoileus 
virginianus), wild pigs (Sus scrofa), and other wildlife.  The mechanisms by which 
pathogens are moved into water supplies are primarily lateral, through overland flow and 
erosion (Spiehs and Goyal, 2007).  Any production practice that reduces over-land 
transport of pathogens to nearby water sources is recommended when manure is surface 
applied to agricultural fields.  Vegetative filter strips, which are similar to grasses in 
silvopastures, have been shown to remove much of the pathogenic and sedimentary 
pollution that results from overland flow (Jose, 2009).  
Although on a much smaller scale than in typical feedlot settings, cattle are 
frequently pasture produced in this region, and some of the E-coli is possibly related to 
these operations.  A benefit of reduced stress on beef cattle, which could be accomplished 
by favorable microclimates such as shading, is thought to result in reduction in the fecal 
shedding of certain pathogens including E-coli and salmonella (Salmonella spp.).  
Barham et al. (2002) showed a significant reduction in the amount of salmonella shed in 
fecal material when cattle were not under stress, though the particular stressor in the 
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study was transportation rather than heat (Barham et al., 2002).  However, Brown-Brandl 
et al. (2009) examined the effects of heat stress on intestinal shedding of E-coli (generic 
E-coli and O157:H7) in cattle and determined that heat stress did not affect the amount of 
E-coli shed.   
Landowner Benefits 
 Silvopasture offers many benefits to landowners including annual returns on their 
investment, and possible reductions in input costs such as fertilizer and pest management.   
Profiting from interactions.  Burner and MacKown (2005) found that when N 
was applied at rates greater than maintenance level (100 kg ha
-1
), there was very little 
increase in yield of the forage component in a silvopasture.  They also pointed out that in 
addition to not being economical to apply higher N rates, it could also result in an 
increase in soil mineral N that may be subject to leaching losses.  Since producers 
struggle with low profit margins, a reduction in fertilizer costs would be a positive result 
of incorporating silvopasture into their production system. 
Another benefit of combining cropping systems is a subsequent reduction in pests.  
Stamps and Linit (1998) suggest that pest damage to crops can be higher in single species 
systems where insects reproduce and expand unchecked.  This is in comparison to 
agroforestry systems where there is a combination of trees and herbaceous crops that 
contribute to disruption of the pest habitat and lifecycles, as well as to their geographical 
advancement.   
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In order for silvopastoral systems to be incorporated into production practices in 
East Texas, it must be shown to be financially viable.  Silvopasture has been widely 
shown to be economically sound (Clason, 1999; Grado et al., 2001) and generates short 
and long term income from timber, forage, and animal production (Grado et al., 2001).  
Also, loblolly pine residue from pre-commercial thinning is a source of biomass for 
energy; and increases in demand for products for energy production contribute to the 
economic value of loblolly pine silviculture (Baker and Langdon, 2011).  Pre-commercial 
thinning operations will not be as prevalent an operation in silvopastures when compared 
to typical pine plantations.  Trees are spaced far apart, and thus thinning is rarely 
necessary unless heavier initial tree stocking rates are used.  The source of residue in a 
silvopasture will, therefore, primarily be from pruning events as lower branches are 
removed to increase light for understory forage, and to compensate for the reduced self-
pruning of loblolly when spaced far apart. 
By including various products in a single system, landowners can diversify in 
such a way that they are protected financially through changes in the market of any one 
of the individual commodity components.  Silvopasture has the potential to buffer against 
frequent changes in annual overhead costs of production (AFTA, 1994c).  For example, 
the price of fertilizer material is tied to the cost of fossil fuels such as natural gas and oil, 
which can be highly volatile.  When fertilizer costs rise, small changes in nutrient-use 
efficiency can greatly affect profit margins of farm businesses.  Typically, practices such 
as pruning and fertilization of pine plantations in the region are only minimally 
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conducted due to the lack of adequate economic return.  However, in silvopasture 
systems where forage is fertilized and trees are pruned to increase understory production, 
both practices become synergistically economical with higher quality sawtimber and 
larger stems in the long-term, and better forage production (AFTA, 1994c).   
Pruning is also especially important in a silvopasture where the wide spacing of 
trees accommodates warm season forage growth, because the wider spacing does not 
adequately induce tree self-pruning that is characteristic of closely spaced loblolly pine.  
Silvopasture spacings include large alleyways and typically, a double-row stand design.  
This allows adequate sunlight to reach the lower branches, negating the natural process of 
the tree to shed them.  Manual pruning activities are, thus, required, and are considered a 
cost of production.  Some of this cost is offset since the forage and cattle experience 
greater gains with increased sunlight. 
Grado et al. (2001) studied the economics of silvopasture based on the land 
expectation value (LEV) and determined that grazing alone had the highest LEV, but 
silvopasture had a higher LEV than commercial tree plantations.  The land value would 
also increase even more if fee hunting was allowed on the land, since some of the benefit 
of silvopasture management systems is derived from the more diverse vegetation that 
increases the wildlife component in conjunction with providing a more environmentally 
sustainable production system.  Grado et al.’s (2001) study contributes to the idea that 
silvopasture is a financially viable, possibly superior, option for landowners, and is 
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supported by other studies (AFTA 1994b, AFTA 1994c; AFTA 2000; Clason, 1999; Jose, 
2011).   
Due to the environmental benefits of silvopastoral practices and the applicability 
of these contributions to issues relevant to East Texas, producers may be able to enroll in 
government programs that reward good stewardship of the land.  In order to be 
considered eligible for payments under the Conservation Security Program (CSP), 
producers on private working lands must show that their operations are complying with 
practices that seek to improve or sustain natural resources, including management 
practices that maintain productivity on agricultural lands.  Many types of working lands 
are eligible for consideration and include improved pasture, and forested land that is part 
of an agricultural operation (NRCS, 2005).  These characteristics are an integral part of 
agroforestry, especially practices that include trees combined with hay production or 
grazing. 
Markets.  Cattle are considered the primary goal in a silvopasture management 
program, with high quality sawtimber second.  East Texas has a plethora of sale barns 
and auctions for quick sale of beef cattle.  Prices are variable, and are related to weather 
conditions such as drought, excessive temperatures, or any other event which causes a 
decrease in available forage, and thus, an increase in cattle sales as producers try to 
manage grazing pressure by culling herds.  This increase tends to flood the market in a 
time when few can support the extra numbers.  These factors are inherent in the cattle 
business, and well-understood by producers.   
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Similar to the cattle market, as conditions become unfavorable for economical 
cattle production, hay production and prices are also affected.  Drought increases the 
demand for hay while reducing supply, driving up prices.  This is also an inherent risk 
associated with cattle production that is very familiar to producers.  The proximity of the 
cattle markets (sale barns) allows producers to frequently adjust herds to meet the 
capabilities of their land, thus somewhat ameliorating these issues.  Including other 
products in the same system such as timber can help to buffer some of these market 
fluctuations in the long-run. 
Hay prices in 2016 were reported by Hutto, a reporter for the USDA Market 
News (Hutto, 2016).  Quality guidelines are sparse and focus only on the crude protein 
(CP) content of the hay.  USDA guidelines characterize, for example, that Coastal 
Bermuda is considered good at 9% CP, and premium when it reaches 13% or above.  The 
price for a good to premium round bale was listed as $231.00 – $297.00, with small 
squares of good to premium going for $7.00 – $9.00 each.  These prices are comparable 
to the same class of alfalfa hay, which is usually more expensive.  
East Texas has many forest products mills that are available to receive sawtimber 
or pulpwood, chip and saw, small diameter logs, or a combination of these raw products.  
The mills are dispersed over a broad range, so are typically within a reasonable distance 
from silvopastures (Figure 1).  Although pulpwood prices have been trending down, and 
a reduction in housing construction in 2015 reduced demand for timber by 14.9%, the 
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trend for building permit applications has been increasing recently, suggesting there may 
be a higher timber demand in the future (Texas Timber Price Trends, 2015). 
Despite reduced demands, mills reported full inventories, and analyses of price 
trends show steady increases in both North East Texas and South East Texas.  
Nacogdoches County is on the dividing line of these two regions, so may uniquely 
benefit from the ability to follow the high prices, while remaining in an economical range 
of transport (Texas Timber Price Trends, 2015).  
 
 
Figure 1.  Approximate location of various mills for softwood timber products in 
Texas. Some locations have multiple mills. Map is taken directly from Prestemon et 
al., 2005, accessed via www.srs.fs.usda.gov/econ/data/mills/mill2005.htm. 
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Climate change and silvopasture.  Climate change, whether due to 
anthropogenic causes or natural cycles, has initiated more extreme and less predictable 
weather patterns such as hurricanes that can indirectly and unexpectedly drive up 
overhead costs such as fertilizer.  Other weather events that occur such as flooding and 
drought can be catastrophic to productivity, making the sustainability of smaller scale 
cattle production difficult.  Some of these unpredictable events could be directly and 
economically addressed with the use of a diversified production system that included 
appropriately adapted plants.   
Other products.  Another product that is unique to timber production is pine 
straw.  There is a market for pine straw bales in landscaping, and it is considered a higher 
quality product than mulch.  The input costs of cleaning and prepping the site, harvesting, 
and marketing, vary based on the methods used to produce it.  For example, hand raking 
and baling using a hand powered box baler can be cheaper and produce each bale for 
$2.00 – $2.50.  The same bales retail at $5.00 – $10.00 per 11 – 25 kg (25 – 55 lb) bale 
(TAMU, 2015).  The market in East Texas exists, but there is room for growth.  The pine 
straw in a silvopasture operation should be considered a bonus and not part of the 
primary income.  Additionally, the prices above are for plantations devoted to timber and 
needle production, so it is possible that costs would be higher in a silvopasture.  The unit 
areas of land covered in straw would be restricted to along tree lines, stretched far apart, 
thus creating much greater distances between sources.  The simple lack of efficiency in 
the increased area to cover would potentially increase costs of fuel and labor.   
28 
 
One other consideration affecting cost is the initial clean-up before the first 
harvest.  It is best to start at age 10, and conduct the straw collection before the first thin.  
This initial harvest will have higher overhead costs, increasing the cost per bale to $4.00 
– $6.00.  If the pine straw has manure or debris in it, it may bring a reduced price.  Full 
stands can yield 80 – 120 bales per acre, but this is not realistic for a silvopasture.  The 
straw should be collected every two years. 
Inhibitions to adoption.  The difficulties associated with widespread adoption of 
silvopasture production are the lack of site specific research utilizing various 
management techniques of the components in a silvopasture, the initial startup costs of 
converting to another land use, the cost and logistics of intensively managed cattle, the 
initial loss of income to the producer in the form of lost production as land is in 
transitional stages, the lack of supportive government programs that explicitly list 
silvopasture as an option, and the deeply embedded cultural shifts that would be 
necessary for producers to accommodate the drastically different management techniques 
(Dagang and McNair, 2003).   
Few people have the knowledge, funding, or experience necessary to justify 
transition into this production system.  Producers typically are experienced in either cattle 
production or tree production, but not both.  This leads to a disconnect in the two fields, 
with many people remaining in their current production practices unable or unwilling to 
shift.  Additionally, there are few local demonstration sites in existence that would allow 
producers to gain a better understanding of the benefits it can provide.  If these obstacles 
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could be overcome, then opportunities exist in East Texas for a variety of productive 
silvopasture systems.  
The Components of a Silvopastoral System 
Light.  Light quality and quantity affect yield, morphology, and nutritional 
characteristics of plants (Franklin, 2008; Morelli and Ruberti, 2000).  Several light 
factors are important to plant response and include available photosynthetically active 
radiation (PAR), red to far red ratio (R:FR), and photon flux density (PFD).  The R:FR 
ratio specifically affects plant morphology, primarily by stimulating shade avoidance 
responses such as elongated growth (Franklin, 2008).  These light characteristics are 
altered when solar irradiance passes through a vegetative canopy or other obstruction.  
Grant (1997) reviewed studies of the effects of specific light wavelengths on canopy 
environment, and on physiographic plant responses and determined that growth and 
processes such as maturation are directly affected by the amount of total light, and the 
quality of that light, reaching photoreceptors.  Deregibus et al. (1983) reported that the 
phytochrome mechanism in dicotyledons responsible for branching is the same 
mechanism responsible for tillering in grasses.  They found that plants grown under a 
R:FR 1ight ratio of 2.2:1 produced significantly more tillers when compared to those 
grown under a R:FR ratio of 1.1:1.  In addition, leaf area, root biomass, and leaf quantity 
were greater with the R:FR ratio of 2.2. 





) required for maintenance.  At this level, there is only adequate 
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photosynthate available to support maintenance, with no additional energy to promote 
growth.  Shade tolerant species have a low LCP, meaning that they can maintain life at a 
much lower level of light than intolerant species.  Where an intolerant species is likely to 
perish in a low light environment such as under a closed forest canopy, a shade tolerant 
species can maintain a steady state of maintenance for long periods of time until they are 
“released” with the addition of more sunlight (Valladeres and Niinemets, 2008).   
Various warm season grasses have been examined for their LCP, and variation 
exists both among species, and among populations within a species (Risser and Johnson, 
1973).  Specifically, switchgrass generally has a lower LCP than other WSG, and 





.   
Several morphological and biochemical traits exist that determine the ability of a 
plant to function in a low-light environment (Valladeres and Niinemets, 2008).  
Typically, a shade tolerant plant or shaded leaf will have low dark respiration and net 
photosynthetic rates, low stomatal conductance and rates of electron transport, low 
rubisco content and carboxylation efficiency, and have a higher proportion of chlorphyll 
b when compared to chlorophyll a.  Overall, shaded leaves contain greater chlorophyll 
concentrations to enhance their light harvesting ability, and also generally have higher N 
concentrations, both in wet weight and dry matter measurements.  Morphologically, 
shaded plants tend to have lower leaf mass and area, thinner laminae, lower stomatal 
density and reduced root: shoot ratio.  Additionally, shaded leaves and plants tend to have 
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a greater ability to store carbohydrates with increased leaf size, leaf area ratio, and a 
higher relative growth rate.  Relatively more of the photosynthate produced in shaded 
plants is used to produce or enhance photo harvesting mechanisms in the plant.   
Richard (2009) characterized light quality and quantity under a 22 year old 
loblolly pine stand located in East Texas and compared it to conditions found in full sun.  




.  Richard found that at any given month 
(August, October, January) in the study, the photosynthetically active radiation plus far 
red band (PARFR; 400-800 nm) was less under the pine canopy when compared to full 
sun.  However, he found no statistical difference in the quality of the light beneath the 
pine and in full sun.  This is in contrast to a study completed by Bell et al. (2000) that 
found that vegetative canopies can alter spectral quality of light reaching the understory.  
The canopy reflected or absorbed high amounts of red light (R), thus increasing the 
proportion of far red (FR) light that reached the understory.  This resulted in a reduced 
R:FR ratio, which could possibly alter plant morphology such as tiller production and 
lignification (Deregibus et al., 1983; Lin et al., 2001; Smith, 2000).     
Bell et al. (1999) conducted a study to determine the effects of shade sources and 
density on light quality and turf grass response.  They determined that shade density 
affected red photon flux (usually derived from direct irradiance) more than shade source, 
and that it decreased with increasing shade.  The R:FR ratio was lowest under coniferous 
shade, and highest in full sun.  It is known that many plant processes are directly affected 
by the proportionate amounts of B, R, and FR light (Franklin, 2008), including changes in 
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plant cells (i.e. elongation), ability to utilize NO3, and their ability to produce and utilize 
carbohydrates such as sucrose and starch.  Many grasses such as perennial ryegrass 
(Lolium perenne L.) and annual bluegrass (Poa annua L.) would not survive under 
coniferous shade unless they received some full sunlight throughout the day.  This full 
sunlight is possible through the penetration of sunflecks passing through the overlying 
canopy.   
Chazdon and Pearcy (1991) described sunflecks as brief, unpredictable, bursts of 
irradiance that penetrate a closed tree canopy.  The nature of individual sunflecks is 
determined by the movement of the canopy cover by wind, the angle of the incident solar 
irradiance to the opening in the canopy, and cloud cover.  They studied the importance of 
sunflecks on understory vegetation as well as the specific behavior of the sunflecks as 
they penetrate various canopy types.  Transmission of “full sun” through a canopy can 
only occur when the gap is greater than 0.5 degrees (angular), which is the size that the 
sun appears to be when viewed from Earth.  Sunflecks vary considerably within a single 
canopy and among different canopies due, at least in part, to tree height and leaf-area 
index.  Chazdon and Pearcy (1991) concluded that sunflecks are extremely important for 
forest plant species in terms of carbon gain and growth.  Also noted, shade tolerant plants 
very efficiently respond to brief flecks of sun.  These responses are quickly initiated 
under the influence of sun flecks and include little induction loss, high capacity for 
electron transport, and the ability to open stomata even under low photon flux density.  
Although silvopastures have more understory light than that of a fully stocked forest 
33 
 
receiving intermittent sunflecks, the immediate plant response to partial light would be 
similar. 
The characteristics of the specific tree canopy (i.e. hardwood deciduous versus 
coniferous overstory) affect light behavior in the understory by uniquely altering the 
specific wavelength composition of light as it passes through (Bell et al., 2000; Grant, 
1997).  Over-story vegetation reflects, absorbs or transmits light energy, depending on 
the presence or absence of the associated absorber, in this case, chlorophyll (Carter and 
Knap, 2001).  Absorption occurs when light interacts with the chemical bonds present in 
the chlorophyll, and the other two fates are a result of a light wave not interacting with an 
absorber, or chlorophyll.  This can lead to altered spectral quality for the understory 
vegetation (Bergez et al., 1997) such as increased proportions of energy in the red and far 
red regions as photon dense blue light is selectively absorbed by the over-story, and green 
light is mostly reflected.  Altered spectral quality not only reduces the light delivery 
efficiency achieved by higher proportions of blue light, but can initiate morphological 
changes in the plants receiving the filtered light.  Plant responses to these changes include 
alterations in nutritional quality and yield under reduced solar irradiance, with conflicting 
results reported overall.   
Photosynthesis.  There are three kinds of photosynthesis: crussulacean acid 
metabolism (CAM), C4, and C3.  In general terms, CAM photosynthesis occurs in plants 
that are in arid or very dry climates and is designed to conserve water.  C4 photosynthesis 
is a more complex system of photosynthesis utilized by plants such as corn, sorghum, and 
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many forages and native grasses (Ehleringer et al., 1997).  Trees, like most dicots, also 
rely on C3 photosynthesis to fix carbon.   
Photosynthesis initiates transpiration via the stomata as CO2 becomes limiting in 
the leaf.  Increases in the rates of photosynthesis in the presence of increased light energy 
cause increases in the rates of transpiration in order to obtain adequate CO2.  The effects 
of light are attributed to the quality and quantity of photons striking the leaf; specifically, 
the quality (specific wave lengths), intensity (photon flux density or PPFD), and duration 
(time) of light affect the rate of transpiration and subsequent plant growth.  More light 
causes the stomatal guard cells to open wider and photosynthesis to increase, increasing 
the need for CO2, thus increasing the rates of transpiration.  Light quality refers to the 
composition of light in terms of specific wave lengths that exist at different energy levels.  
Longer wavelengths such as those found in the red portion of the spectrum are not as 
energy dense, but contribute to many morphological and seasonal changes such as stem 
elongation or budding.  Shorter and more energy dense wavelengths provide the energy 
required to break the hydrogen bond (hydrolysis) in water in order to achieve 
photosynthesis and create photosynthates for the Calvin cycle that will be converted into 
carbohydrates for the plant.   
Another important light concept that is related to transpiration is the light 
compensation point.  The light compensation point is the minimum amount of light 
required for basic survival and maintenance of the plant.  If light energy is too low 
(similar to that found in some artificial lighting) then maintenance respiration stops.  
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Typically, this is equal to approximately one-third of full sunlight, but varies among 
species. 
Transpiration.  As CO2 moves into the guard cells, water vapor is expelled in the 
form of transpiration, and any type of water loss is considered a trade-off for the 
acquisition of CO2. Wind affects transpiration by removing the boundary layer at the leaf 
surface and increasing the water potential gradient between the leaf and the atmosphere.  
The boundary layer is a layer of one hundred percent relative humidity that serves to slow 
the loss of water from the leaf in order to conserve it.  Any factor that diminishes this 
layer, such as wind, creates a steeper water potential gradient that increases leaf water 
loss as equilibrium is sought.   
The total leaf area of a tree or plant affects the transpiration rate.  With more leaf 
area there is an increase of transpiration rates as there is greater photosynthesis capability.  
As photosynthesis increases with additional leaf area, the intake of CO2 increases also.  
Uptake of CO2 requires leaf stomata to open, causing a subsequent loss of water through 
transpiration; greater total leaf area increases this process.  Also, trees still lose water 
through the leaf cuticle even when stomata are closed.  This is why some tree species will 
shed their leaves during periods of drought and reduce photosynthetic capability in order 
to reduce water loss and survive.  More water is needed to maintain turgor pressure when 
there is more leaf tissue present.   
The root to shoot ratio affects transpiration in that increased root area draws in 
more water.  The same conditions that triggered the stress response in the roots leading to 
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accelerated growth, also triggers leaves to accumulate solutes to help with turgor 
maintenance.  These two mechanisms function to assist the plant in maintaining turgor 
under droughty conditions (Gargallo-Garrigo, et al., 2014).  The decreased water 
potential of plant tops rich in solutes helps to draw water more effectively from areas of 
higher potential such as those found in the stems and roots.     
Burner and Belesky (2008) studied the relative effects of irrigation and solar 
irradiance on productivity of tall fescue and determined that photosynthetically active 
radiation (PAR) had a much more significant effect on forage morphological traits such 
as tiller production, leaf area, and total nonstructural carbohydrates (TNC) than irrigation.  
Also, they determined that the red: far red ratio under the canopy was reduced by about 
half when compared to the full-sun treatment plots, and the PAR in the pine alley in the 
study was only 12-37% of the PAR found in the meadow, than that normally found in a 
silvopasture.     
Silvopasture and photosynthetic and transpirational processes.  Silvopasture 
alters the microclimate in such a way that reduces transpiration rates of understory forage 
through partial shading.  The effects of lower temperatures, reduced solar irradiance and 
photosynthates, reduced wind speeds, and other incidental factors on forage contribute to 
altered plant production and quality parameters.  These changes are unique to forage 
species and to the specific photosynthetic pathway used.  C3 plants tend to tolerate 
greater shade levels, thus reducing impacts on production and yield relative to C4 forage 
species.  C4 species tend to produce less dry matter under lower solar irradiance, with 
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lower maturity rates.  As a result of the slowed maturity, secondary cell wall development 
and lignification are reduced, thus typically increasing forage digestibility by livestock.  
Additionally, shade grown C4 forages produce more chlorophyll in order to increase light 
harvesting capabilities in low light environments.  This can contribute to greater CP 
levels in forage. 
Overstory Component.  East Texas has a diverse assortment of tree species due 
to niche ecosystems created primarily by geologic erosion which created an uneven 
landscape, as well as aeolian deposition of fine sands on some southeastern facing slopes.  
Many of the tree species are utilized for commercial production, both in plantations and 
in improved mixed or hardwood stands.  Native overstory vegetation is characterized by 
an assortment of deciduous and evergreen trees that are found in various topographical 
settings.  Within the region, 75% of the land is dedicated to agricultural production.  Half 
of this is derived from timber, while 849,840 ha (2.1m acres) is comprised of either 
unimproved or improved pastureland.  Much of East Texas, and specifically 
Nacogdoches County, is located in the Pineywoods region.  East Texas has 4,800,000 ha 
(12 million acres), with the following vegetative cover types: 43% pine (2,100,000 ha; 
5.3 million acres), 44% hardwood (2,144,000 ha; 5.4 million acres), and 13% mixed 
forest (607,000 ha; 1.5 million acres) (TFS, 2012).  Native pine species in this region 
include longleaf, shortleaf, and loblolly pine.  Additionally, planted slash pine is not 
native.   
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Hardwoods native to the region include several oaks (Quercus spp.), elm, hickory 
(Carya spp.), magnolia (Magnolia spp.), sweet gum (Liquidambar styraciflua), and 
tupelo (Nyssa aquatica).  In this region native and improved forages are used for grazing 
and include bluestem, rosettegrass (Dicanthelium), panicums, paspalums, blackseed 
needle grass (Piptochaetium avenaceum), wildrye (Dicanthelium), various woodoats 
(Chasmanthium) and lovegrasses (Eragrostis), switchcane (Arundinaria), indiangrass, 
and many legumes (NRCS, 2012).   
Some areas are heavily disturbed due to erosion or other events and these sites are 
known to support poorer quality grasses and woody vegetation that can out-compete 
higher quality vegetation.  These include threeawns, annual grasses, broomsedge, red 
lovegrass, and various woody shrubs (TSHA, 2016).  The annual economic importance of 
agricultural production in Texas is large, with cattle ($10.5 billion), cotton ($2.2 billion), 
milk ($1.8 billion), and broilers ($1.7 billion) being the top four (Miller, 2016).  Of these 
commodities, timber, cattle, and broilers are currently prevalent in Nacogdoches county.  
The magnitude of private-owner timber production in East Texas is large, with 
approximately 4.9 million hectares (12.1 million acres) in production.  In 2011, East 
Texas produced over 1.5 billion board feet of lumber, over 80% of which was comprised 
of softwood pine timber, which was almost exclusively loblolly or shorteaf pine.  
Loblolly is readily incorporated into silvopasture systems, thus furthering the 
compatibility of increasing silvopasture in this region. 
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Incidental fertilization.  In traditional production systems such as pine plantations 
or pastures, management practices tend to focus on maximizing production of only one 
product.  In contrast, the goals of silvopasture include multiple products within the same 
system, which introduces edge effects where interactions occur.  Studies (Ares et al., 
2003; Burner et al., 2011) have evaluated the growth of loblolly pine when combined in a 
silvopasture setting with various forages and have shown that production of sawtimber 
was enhanced because of fertilization, and other regular forage management practices.  
Ackerly (1999), Samuelson et al. (2001), and Sampson and Allen (1998) reported that the 
addition of fertilizer to loblolly pine trees greatly enhanced leaf area which resulted in 
overall greater production.  Since silvopasture is, by definition, an intensively managed 
system, fertilizer is an integral component.    
Loblolly pine is a fast growing species (Baker and Langdon, 2011) that is often 
thinned every five years after reaching 12 years of age.  These timber management 
practices are compatible in combination with forage and livestock management, since a 
goal of silvopasture management is to maintain adequate production of the understory 
component by maintaining sufficient sunlight through thinning, reducing vegetative 
competition by burning, and by dually controlling weeds and increasing livestock gain by 
grazing (Baker and Langdon, 2011; Grado et al., 2001).  These practices also 
simultaneously contribute to better tree health.   
Herbicide applications or other weed control increases tree production, and the 
increased production varies depending on the intensity of the inputs.  It is also beneficial 
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to fertilize simultaneously with weed control to allow increased uptake by the target tree 
component.  Loblolly pine responds very well to intensive management, with up to 270% 
increases reported for maximum growth studies (Borders and Bailey, 2001; Samuelson et 
al., 2010), though the amount of inputs used in these studies would not be economically 
realistic.   
      Favorable economics for loblolly fertilization depend on low fertilizer prices and 
high prices for wood products.  Between 1995 and 2005, these conditions existed and 
thus, fertilization was frequently and economically utilized.  Since that time period, 
fertilizer prices have been variable and have sometimes doubled.  This creates conditions 
where forest fertilization and high input costs may not be economical.  In cases where the 
economics justify the cost of inputs, initial applications at tree establishment of di-
ammonium phosphate (DAP; 18-46-0) are typically about 224 – 280 kg ha
-1
 (200 – 250 
lbs ac
-1
) in soils testing very low in P.  This supplies about 50.4 – 112 kg N and P2O5 (45 
lbs N and 100 lbs of P2O5 ac
-1
), respectively.   At mid-rotation or after thinnings, 
additional applications are recommended at 224 kg ha
-1
 N (200 lbs) and 64 – 130 kg ha
-1
 
(57 – 115 lbs ac
-1
) P2O5.  In practice this may be repeated every three to five years.  If 
soils are not low to very low in P, the P additions should be omitted (Jokela and Long, 
2015). 
Tree foliage concentration of the nutrients N and P are good predictors of forest 
fertilization needs, sometimes superior to soils test.  This is due to the wide spread root 
systems of trees and the highly variable soil they encounter.  Trees are also slow growing, 
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so collecting current year needles for analysis allows quality recommendations to be 
made for amendments.  Needles from the current year are collected in the fall or winter 
and analyzed for N and P.   Critical levels for loblolly pine are 1.2% N and 0.1% P 
(Landis et al., 2005).  If these levels are not met, then fertilizer is typically recommended.   
      Gough et al. (2004) studied the short-term physiological effects of N on loblolly 
pine seedlings, specifically, on photosynthesis, root respiration, and growth after an 
application of di-ammonium phosphate (DAP).  Immediately following N application 
there was an increase in root respiration, foliar nitrogen concentration, and light saturated 
net photosynthesis in loblolly pine seedlings.  Root respiration increased as additional 
nutrients became available that required uptake and utilization by assimilation.  This 
increase in root respiration subsequently allowed for greater photosynthesis rates and as a 
result, additional growth and production.  They also showed that light saturated net 
photosynthesis correlated to foliar N concentration (R
2
 = 0.47), and that the increase was 
due to an improvement in the mechanisms of carbon fixation and utilization, and an 
overall increase in the capacity and efficiency of photochemical processes.   
Fertilization also resulted in an increase in leaf area and total biomass (37%) due 
to availability of photosynthate.  An increase in leaf area allows for more carbon fixation 
to occur on a whole plant level, resulting in greater growth and yields.   
Another study (King et al., 2002) demonstrated that fertilization increased the 
presence and production of fine roots and mycorrhizal roots which resulted in the 
possibility of greater carbon input to soils.  This was in contrast to other studies 
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(Samuelson, 2000) that showed fewer fine roots with fertilization.  In another study root 
growth was shown to be affected negatively by water stress more than shoot growth 
(Seiler and Johnson, 1988).   
Samuelson (2000) and Gough et al. (2004) demonstrated a tendency of nutrient 
resources in loblolly to be allocated to fine roots in low N environments, and to above 
ground structures in well-fertilized trees where N was not limiting.   
All of these practices simultaneously contribute to better tree health.  Loblolly 
pine has been shown to become more susceptible to insects and disease with increased 
levels of N and P fertilization (Rowan and Steinbeck, 1977).  However, Blazier et al. 
(2008) studied the effects of repeated poultry litter application on a loblolly pine 
silvopasture and determined that there was no long-term increase in the incidence of 
disease.  Additionally, the study showed that even on soils sufficient in nutrient supplies, 
a response was achieved with subsequent fertilizer application.  This suggests that 
threshold critical levels established for soil and for tissue samples commonly utilized to 
determine potential growth response to fertilizer application may not be accurate for 
silvopastures because the critical levels are based on infrequent fertilizer applications in 
pine plantation management.  The authors suggest that due to increased crown mass in 
the silvopasture trees when compared to typical plantation trees where spacing is less, the 
trees have the ability to store more nutrients.  The rates of fertilization in this particular 
study based on litter analyses were equivalent to either 112 or 224 kg ha
-1 
N, 36.4 or 72.8 
kg ha
-1 
P, and 78.4 or 156.8 kg ha
-1 
K, depending on which treatment was considered.  
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      Ares et al. (2003) reviewed studies conducted on the effects of various 
silvopasture management practices on the diameter growth of loblolly and shortleaf pine 
and found that the diameter growth was greater for trees grown in combination with 
improved pasture as opposed to volunteer grasses.  Overall, the diameter growth was 
greater in grazed versus ungrazed, fertilized versus unfertilized, and in bahia plots when 
compared to the volunteer grass plots.  They also determined that a double row stand 




 provided optimal production for sawlogs when 
the forage component was also being managed.  Clason (1999) studied the growth of 
loblolly pine trees in a silvopastoral setting with four treatments.  After five years, both 
timber volume and sawtimber yield were significantly greater (α = 0.05) in all forage 
treatment plots when compared to the no forage treatment.   
      Forage.  The ability of forage to produce under partial shade is highly variable 
and depends largely on the photosynthetic pathway.  Legumes are frequently C3 plants, 
while warm season grasses are C4.  Plants exhibiting the C3 photosynthetic pathway 
respond to increasing shade by increasing the rate of photosynthesis until shade levels 
reach approximately 50% of full sun.  At this point, increasing levels of PAR do not 
increase the rate of photosynthesis; thus, C3 plants can most efficiently utilize available 
PAR under partial shade, a characteristic that has had variable practical results in field 
trials.  C4 plants, however, such as WSG, have higher light saturation points.  This means 
that they will continue to increase production with increasing solar radiation to a much 
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higher level than C3 plants.  This also means that in the presence of partial shade, C4 
plants will frequently decline in productivity.   
Native versus naturalized grasses.  Native warm season grasses (NWSG) 
developed within a sporadic grazing regime, with short bursts of intense defoliation as 
bison (Bison bison) moved through the plains.  As a result, NWSG are generally less 
tolerant of steady grazing, and thus require more management in terms of cattle rotation, 
fencing, and labor.  Although these grasses respond well to fertilizer after initial 
establishment if weeds are adequately controlled, NWSG are frequently thought of as 
being of lower forage quality than introduced WSG.  This could be because they are often 
found in low-input range management situations rather than improved pastures, and few 
producers have experience dealing with the differences in management, possibly giving 
the NWSG an unfair reputation for being lower quality.  Additionally, grazing NWSG to 
heights lower than approximately 20 cm will reduce regrowth as meristematic tissue is 
removed.  In contrast, naturalized grasses tend to resist higher grazing pressure partially 
due to lower growth points.  Despite being susceptible to overgrazing, NWSG are very 
tolerant to drought and capable of rooting deeply, while some species such as switchgrass 
have demonstrated the ability to penetrate soil plow pans.  
NWSG bunching tendencies attract ground nesting birds, increase beneficial 
insect populations, increase wildlife populations, and subsequently improve the overall 
health of the ecosystem.  Additionally, they are able to use N more efficiently than C3 
grasses, a tangible benefit in an area where marginally fertile soils are prevalent.  They 
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have the potential for high forage yields (Ball et al., 1999; Ball et al., 2002), and to 
produce forage for up to eight months of the year in the Gulf Coastal Plain region.  
Improved varieties have been developed that have allowed substantial increases in quality 
when intensively managed.   
The appeal of selecting introduced forages such as bermudagrass or bahiagrass for 
an agroforestry setting are the same as would be present in conventional agriculture.  
Beginning with establishment, seeds are cheaper (unless sprigging such as with hybrid 
bermudagrass), and germination rates are predictable and relatively high when compared 
to native grasses.  With high inputs such as N, aboveground forage production can be 
greater than native grasses because of resource allocation.  Native grasses tend to allocate 
resources to root biomass.  Because of this physiological characteristic of below ground 
biomass allocation, native grasses require more than one year to establish, with some up 
to three years.  This can be financially difficult for producers during this time period.   
      Additional delay is due to seed dormancy which allows survival of a seed bank 
over multiple years even when drought or intense fires affect areas.  However, when 
planting for grazing purposes, these delays mean a loss of initial income in the form of 
hay production or beef gains.  Some of the seed dormancy can be overcome by cold 
stratification, such as with gamagrass, or by planting plugs instead of seed; however, any 
of these methods greatly increase the cost of establishment to the point of potentially 
being impractical for the average producer.  Additionally, naturalized forages are capable 
of outcompeting weeds during the establishment period because of more lateral growth 
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when compared to the upright growth common to native grasses.  Lateral growth and 
denser canopies during the establishment period help to resist weed competition through 
shading and reduce the need for additional herbicide applications after establishment.  
With native grasses, bunching allows solar radiation and exposed soil for weeds to 
intrude, but is thought to increase habitat for certain wildlife species such as ground-
nesting birds that are less successful in monoculture stands of bermudagrass or 
bahiagrass.   
 Fertilization of introduced forages is effective in the first year of establishment in 
increasing yields of the forage crop.  However, native grasses are less likely to out-
compete weeds due to a lack of a shade producing canopy because of more upright 
growth, and due to thinner coverage aboveground.  It is typically recommended that 
fertilization be withheld or minimized in the establishment years to avoid promoting 
weed growth. 
      Another establishment cost to consider is the physical properties of the native 
seed which require increased initial investment.  Many of the native seeds are “bearded”, 
or have awns and appendages that must be removed to facilitate flow through 
conventional seeders.  Additional costs are incurred for de-bearding, and can be up to a 
dollar per pound of seed processed.  Even then, the flow of seed through seeders is 
inconsistent and can be problematic.   
      Shainsky and Radosevich (1992) described the response of plants to competition, 
including morphological and physiological changes in response to changes in nutrient 
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availability.  In silvopastures, there can be increased competition for below ground 
resources when roots occupy the same rooting zones, or there can be a more thorough 
utilization of all available resources in the system when roots stratify.  This competition 
results in measurable changes in productivity and morphology of the plants (Shainsky 
and Radosevich, 1992), with some changes (ie. secondary wall development with plant 
maturity) affecting subsequent forage quality.  Water, rather than light or other nutrients 
can be the limiting factor in many silvopastures where nitrogen is not limiting (Jose et al., 
2000).  Water competition in silvopastures is species and site specific.  In general, 
reduced moisture loss from the understory through evapotransporation is realized because 
of reduced solar radiation from shading.  Additionally, when conditions are dry, trees 
have been shown to facilitate hydraulic lifting (Burgess et al., 1998; Dawson, 1993; 
Horton and Hart, 1998; Yu, 2015) of deeper moisture reserves, which include release of 
water in the upper soil profile where water potential is higher (more negative).  Fine roots 
located in shallower soil are able to take this water up, and grasses are also able to benefit 
from this additional water source.  Native grasses have the ability to root deeply and 
access ground water not usually available to more shallow rooted species (Tufekcioglu et 
al., 1999), and thus also more completely utilize water and nutrients in the system.  In 
addition to root mechanisms of nutrient acquisition, increased soil quality is frequently 
observed as more organic matter and more complex microbial interactions combine with 
improved soil structure to increase overall nutrient retention and subsequent uptake 
(Kelty, 2000).   
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Native warm season grasses are used less often in a silvopasture than other 
forages.  The photosynthetic pathways play a role in potential production under partial 
shade, with C3 grasses typically reaching maximum saturation at 50% incidental light 
(Lambers et al., 1998), meaning that they tend to perform equally as well if not better 
under partial shade than C4 grasses.  With NWSG, results are highly species specific 
(Scholes and Archer, 1997), and are a result of interactions such as water competition in 
addition to light (Gillespie, 2000).  If the limiting factor is something other than light, the 
response of the plant to shade may be unnoticeable.  If, however, all nutrient needs are 
met and the limiting factor is light, then there may be either an increase or a decrease in 
yields and forage quality.   
      Response of grasses to shading.  Clason (1999) examined the feasibility of 
timber and forage production in a loblolly pine silvopastoral system with an understory of 
bahiagrass, common bermudagrass, and coastal bermudagrass.  It was determined that 
bahiagrass, common bermudagrass, and coastal bermudagrass would be productive inputs 
to a loblolly pine silvopasture production system.  However, this particular study did not 
include a full-sun treatment, so comparisons of forage yield and quality could not be 
directly made between open pasture versus silvopasture environments.   
      Lin et al. (2001) studied the effects of shade (50% and 80%) produced by shade 
cloth on various forages including bermudagrass, big bluestem (Andropogon gerardii) 
and switchgrass (Panicum virgatum).  They determined that mean dry weights (MDW) of 
these warm season grasses were significantly reduced under shading, while cool season 
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grasses and warm season legumes did not exhibit a reduction in MDW.  Overall, there 
was very little shade effect on ADF or NDF values.  There was increased CP in grasses 
grown under shade, whereas the legumes were not affected.  Other parameters measured 
for all species in the study included average leaf area and specific leaf dry weights.  For 
the switchgrass, there was no statistical difference in the average leaf area produced in 
full sun when compared to production under shade, regardless of shade level.  There was, 
however, progressively lower leaf dry weight as shade increased.  The other native warm 
season grasses showed various significant differences between shade and sun, but few 
differences that were a result of shade level.  Overall there was increased leaf area and 
decreased leaf weight as shade was increased.  Bermudagrass, followed the same trend as 
the native warm season grasses.   
      Kephart and Buxton (1993) studied the response of forages in terms of 
productivity and quality based on specific metabolic pathways.  The warm season grasses 
included big bluestem and switchgrass, the cool season grasses tall fescue (Festuca 
arundinacea), reed canary grass (Phalaris arundinacea), and deertongue (Frasera 
speciosa).  There was an improvement in forage quality under shade, including increased 
N concentrations and total herbage yield.  However, there was an increase in neutral 
detergent fiber (NDF) in forages produced under shade, with the response for C4 grasses 
considered moderate.  Species seemed to be more of a determining factor than 
photosynthetic pathway.  Since NDF is an estimate of gut fill and is negatively correlated 
with intake for beef cattle and other livestock (Allen, 1996), this could potentially reduce 
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total consumption, thus reducing production.  They also showed that there was no 
increase in the fraction of NDF that was lignified when forage was produced under shade.  
The authors speculated that this improvement in digestibility was a result of inhibited 
secondary wall development due to reduced photosynthate production.   
      Bambo et al. (2009b) studied the production of ‘Argentine’ bahiagrass under 
various tree configurations and effects of over-seeding with annual cool season forages.  
The study showed a significant year x tree configuration x month interaction effect (p < 
0.001).  Bahiagrass yields decreased as growing season progressed in both years, and in 
vitro organic matter digestibility (IVOMD) was poor for all treatments (39% - 51%).  
There would be no biological effects on cattle grazing since minimum threshold 
digestibility values for beef cattle maintenance are higher (55%) and were not met 
regardless of treatment.  Forage from plots over-seeded with the ryegrass-crimson, and 
those with red clover were higher both in crude protein (CP) and in digestibility.  All 
forage from plots treated with annual cool season forage had higher phosphorus 
concentrations due to the known effects of increased uptake of P by grasses overseeded 
with annual cool season forages (Liu, 1995: Mclaughlin et al., 2005).   
      Burner and Brauer (2003) and Buergler et al. (2005) evaluated various forage 
crops grown in a silvopasture setting and determined that nutritive quality and dry matter 
yield were similar to conventional pasture settings when forages were grown in up to 
50% shade.  In Burner and Brauer (2003), yields of mixed forage (primarily 
bermudagrass and tall fescue), were about 1.0 and 2.4 Mg ha
-1 
under 40% and 90% solar 
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irradiance, respectively.  The study determined that forage quality was increased with 
reduced row spacing (decreased solar irradiance). These findings were compatible with 
Burner and MacKown, (2005) that analyzed the effects of shade in a ten-year-old loblolly 
pine alley on production of tall fescue.  That study found that there was sufficient yield in 
the pine alley for production of livestock, even though only maintenance levels of 
nitrogen (N) fertilizer were applied.  
      Burner and Belesky (2004) studied the effects of microclimates (full sun, loblolly 
pine, and shortleaf pine canopies) on several nutritional parameters of orchardgrass 
(Dactylis glomerata) and found that dry matter yield (DMY), total non-structural 
carbohydrates (TNC), and water soluble carbohydrates (WSC) were greater under 
increased irradiance.  They also found that, although starch content was greatest in full 
sun, there was little difference between loblolly pine and shortleaf pine canopies.  In 
addition, they found that crude protein (CP) and IVDMD were greatest under a loblolly 
pine canopy when compared to shortleaf pine and full sun.  The study also showed very 
similar yields of orchardgrass under a loblolly pine canopy (between 12 and 37% 
available solar irradiance) when compared to shortleaf pine and full sun.   
      Burner and Belesky (2008) studied the production of tall fescue in a loblolly pine 
production system.  Though the yield of tall fescue was significantly lower (p = 0.001) 
under the shaded conditions in the pine alley when compared to the meadow, it was still 
40% of the open meadow.  Normal silvopastures include a much higher level of solar 
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irradiance at approximately 50% of full sun.  The study was based on a reduction of 83% 
relative to full sun.   
      Wilson and Wild (1991) researched the effects of shade on the yield of certain 
grasses.  They acknowledged that, in past studies, pasture grass yields typically declined 
with decreasing light availability, unless the plant was a shade tolerant species.  However, 
their research showed the opposite effect, an increase in yield when nitrogen in the soil 
was limiting.  They hypothesized that the increase in yield under shade and low N 
conditions is a direct result of an increase in N availability due to more favorable 
conditions for soil microorganisms.  The more robust population of microorganisms 
resulted in more efficient N mineralization and subsequent plant availability. 
      Norton et al. (1991) studied the effects of shade on yield and chemical 
composition of various tropical (C4) grasses, including bahiagrass.  The study showed a 
significant increase in yield and N content of bahiagrass when grown in shaded 
conditions.  They pointed out that forage quality (specifically N content) of low N forage 
could be improved by producing the forage under shade.  Other studies such as Koukoura 
et al. (2009) show similar results for C3 grasses under 50% shade.    
      Karki and Goodman (2010) examined differences in the quality of bahiagrass as a 
result of full sun production or production in a loblolly pine silvopasture.  They measured 
CP and ADF to calculate total digestible nutrients (TDN) of each forage.  In order to 
estimate dry matter intake (DMI), they measured neutral detergent fiber (NDF) on a 
composite sample, one from each pasture.  In contrast to other studies, the study showed 
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a reduction in CP when forages were grown under shade, as well as lower TDN, a value 
derived from CP and ADF, sometimes with NDF as an additional factor.   
      Another study (Sophanodora, 1991) analyzed the effects of shade on a mixed 
grass/legume understory and determined that shade induced an increase in the efficiency 
with which the grass forage fraction of the mixture utilized radiation.  It was determined 
that the mechanisms driving this increase could possibly include lower root demand for 
N, which subsequently increases availability of N to the leaf portions.  More N in the leaf 
portions contributes to a sustainable photosynthesis rate, which, when in conjunction with 
fewer shoots per root, makes the plant more efficient at converting solar radiation on a 
leaf area basis.  
      Belsky (1994) studied the productivity of C4 grasses under shade produced by 
occasional trees in an otherwise open rangeland with no shade, high solar irradiance, high 
temperatures, and low moisture.  The study showed that there was either no difference or 
an increase in production of grasses as a result of shade.  The study also examined 
competition between grasses and trees and determined that the beneficial effects of shade 
were greater than the negative effects of competition in this particular location where 
water was limiting.  As seen above, published results in other locations and for other 
grass species show variable results, suggesting region, or even site, specific research is 
critical to estimating potential production of forages under shade. 
      Management characteristics of grasses in this study.  This study includes two 
introduced warm season perennial species, and five native warm season perennials.   
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Bahiagrass.  Bahiagrass (Paspalum notatum) originated in Cuba and South 
America but can now be found throughout the southeastern United States, Illinois, 
Virginia, and California.  It is suited for use in sandy to clayey soils, with ideal soil being 
sandy with a pH of 5.5 to 6.5.  Bahiagrass is a warm season rhizomatous perennial that 
forms a dense sod and spreads aggressively by both seed and rhizomes.  It is a deep 
rooted plant that reaches heights of 30 to 50 cm (12 to 20 inches), and performs best as a 
pasture grass.  Its nutritive value is sufficient to support mature beef cattle, but growing 
animals usually need supplementation (Redmon, 2001).  It is drought tolerant, grows well 
on acidic soils with low fertility, and is less nutrient demanding than bermudagrass.  
Bahiagrass is planted at a rate of 16.8 22.4 kg ha
-1
 (15-20 lb ac 
-1
) in March or April, and 
produces from April to October.  It also responds well to fertilization.  Another benefit of 
bahiagrass is that it has few pest problems (Ball, 2002).  In a silvopasture, bahiagrass can 
out-compete pine seedlings, but coexists well with older trees.  Although bahiagrass has 
exhibited shade tolerance, it is generally less desirable than other forage choices because 
it produces excessive seeding that is indeterminant.  It is widely known that once seed 
formation occurs, nutrients that were found in the leaves are diverted to the embryo; so, 
young plants are nutritious, but quality deteriorates rapidly with development of seed 
heads.  Another problem is the tendency of the stems to twist during mechanical harvest 
rather than cut cleanly (NRCS, 2012).   
      Bermudagrass.  Bermudagrass (Cynodon dactylon) is a warm season perennial 
grass and a common forage or hay crop in the southeastern United States.  Overall, it is 
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considered to be of higher quality than bahiagrass.  It is a creeping sod forming grass 
(NRCS, 2012) and was originally native to southeastern Africa (Ball, 2002).  It is 
extremely drought tolerant and is best adapted to sandy soils.  It responds well to 
fertilizer and produces large yields of up 11,200 – 15,680 kg ha
-1
 (five to seven tons per 
acre) when grown in full sun.  Pests and diseases known to affect bermudagrass include 
armyworms (Spodoptera litura), spittlebugs (Prosapia bicincta), and leafspot 
(Cercospora spp).  Bermudagrass grows 38 – 61 cm (15-24 inches) tall and spreads by 
stolons or rhizomes.  Hybrid varieties such as coastal bermudagrass are deep rooted and 
reach heights of 38 – 61 cm (15 – 24 inches).  Coastal bermudagrass is sprigged at a rate 
of 10 bu ac
-1
 in rows, or 25 – 40 bu ac
-1
 when broadcast.  At establishment, sprigs are 
planted after rain in a fertilized field.  Bermudagrass must be fertilized to maintain the 
stand and the optimum ratio of nutrients required by coastal bermudagrass is 4-1-2       
(N- P2O5 -K2O) (Burton et al., 1959).  It is preferable to split fertilizer applications so that 
about 33.6 kg N ha
-1
 (30 lbs of N acre
-1
) are applied at establishment and 112 kg ha
-1
  
(100 lbs N ac
-1
) when runners develop.  Another important management requirement is 
preventing sod binding by periodically disturbing the stand (NRCS, 2012).   
‘Kaw’ big bluestem.  According to the USDA NRCS plant fact sheet (2008), 
‘Kaw’ big bluestem (Andropogon gerardii Vitman) was released in Manhattan, Kansas 
by the USDA NRCS, and developed from lines originally collected in 1935 from the 
Kansas Flint Hills Prairie south of Manhattan, KS.  Its primary uses include 
environmental improvements such as prairie restoration, native landscaping, waterways, 
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and erosion control.  It is also used for forage and hay production in the central and 
southern plains.  It is a warm season, long-lived, perennial grass that is best suited for 
deep, fertile silt or clay loam soils in low lying areas such as ravines or draws.  This plant 
can grow in partial shade and fairly acidic conditions such as may be found in a 
silvopasture setting in the southeastern United States, and is adapted to USDA plant 
hardiness zones (pre-2012 zones) 6b, 7a and b, and 8a.  ‘Kaw’ big bluestem should be 
planted in April - May at a rate of six to nine kg ha
-1
 (five to eight lbs acre
-1
) of pure live 
seed (PLS).  No fertilizer should be used during the first year because of increased weed 
competition, and weeds can be handled by high mowing above the bluestem seedlings, or 
by use of an appropriate herbicide.  If the pH is less than 5.5, lime should be applied 
during site preparations.  Big bluestem is a palatable and productive forage that is highly 
drought and disease resistant, with yields reaching 12,361 kg ha 
-1 
(Tharel and King, 
2007).  Crude protein (CP) concentrations have been shown to be approximately 104 – 
119 g kg 
-1 
(10.4 – 11.9 %), and NDF values approximately 670 g kg 
-1 
(67%) (Tharel and 
King, 2007), which is comparable to commonly fed forages such as coastal bermudagrass 
(Ball, 2002).  Grazing should be conducted when plants are 50 cm (20 inches) tall and 
should be discontinued below 20 cm (eight inches) of height, with emphasis on rotations 
that maintain productivity (NRCS, 2008).    
      ‘Harrison’ Florida paspalum.  ‘Harrison’ Florida paspalum (Paspalum 
floridanum) was released in 2004 by the USDA NRCS and Soil and Water Conservation 
Districts in East Texas and northwest Louisiana and the United States Forest Service in 
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cooperation with Stephen F. Austin State University in Nacogdoches, Texas.  It is a 
native warm season perennial bunch grass that is recommended for various applications 
including wildlife food, reclamation projects, and forage production, especially when part 
of a mix (Ugiansky, 2011).  It is adapted to poorly-drained Gulf Coastal Plain soils and to 
well-drained uplands where sandier surface soils cover finer textured subsoils.  Florida 
paspalum is seeded at an approximate rate of 9 kg ha
-1
 (8 lbs ac
-1
) of PLS, and first year 
management practices are similar to those of Hampton big bluestem when in a mixed 
stand.  However, for pure stands such as in this study, 34 – 67 kg ha
-1
 (30 to 60 lbs ac
-1
) 
of additional N may be applied (Ugiansky, 2011).  This plant has few disease 
susceptibilities, including rusts, responds well to burning, and may be cut repeatedly.   
      Americus indiangrass.  Americus indiangrass (Sorghastrum nutans) is a 
perennial, warm season bunchgrass, and is the only indiangrass native to the southeastern 
United States (Surrency and Owsley, 2001).  It is primarily adapted to moderately to 
well-drained upland sites, but is also adapted to Gulf Coastal Plain region.  It can be used 
for restoration of landscapes, but is mainly produced in pure stands for forage.  It is 





) of PLS when broadcast 8 – 9 kg ha
-1 
(seven to eight lbs if seed is drilled).  As 
with the other native grasses in this study, fertilization should be withheld until after the 
establishment year to minimize weed competition, with subsequent application of 67 kg 
ha
-1




before grazing, and 84 kg ha
-1
 (75 lbs ac
-1
) between each grazing 
session.  The maximum N per hectare recommended annually is 95 kg (210 lbs per acre).  
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Phosphorus and potassium should be applied as needed based on soil test results during 
establishment year.  Grazing should normally begin two to three years after establishment 
and when plants are about 61 cm (24 inches) tall.  Grazing should be rotational, and 
persist until stubble height is approximately 20 – 25 cm (eight – 10 inches).  As with 
most native species, Americus indiangrass is highly responsive to prescription burns.  
Burning is economical on native species, and should be conducted between December 
and March (Surrency and Owsley, 2001). 
      Eastern gamagrass.  Eastern gamagrass (Tripsacum dactyloides) is a highly 
palatable and productive forage plant.  It is a NWSG that can be sod forming in pure 
stands (NRCS, 2012).  The specific variety selected for this study is Nacogdoches eastern 
gamagrass that was developed at the USDA NRCS Plant Materials Center in 
Nacogdoches, Texas.  Crude protein averages for gamagrass are about 125 g kg
-1
 (12.5%) 
while in vitro true digestibility (IVTD) is approximately 70%.  This grass performs better 
as a pure stand when grazed because of the tendency of cattle to selectively graze it when 
produced in a mixed stand (Henson and Fenchel, 2007).  Eastern gamagrass is tolerant to 
poor quality soils (Ritchie et al., 2006) and low pH, is resistant to Al toxicity, and its 
roots are capable of penetrating claypans.  Establishment is accomplished by planting 15 
– 30 kg ha
-1
 (13 - 27 lbs ac
-1
) of seed, depending on cultivar.  If there are fewer than 
13,000 seeds kg
-1
 (6000 seeds lb
-1
), then these planting densities should be increased.  In 
contrast to the other natives in this study the planting depth should be deeper at 2.5 –5 cm 
(1 to 1.5 inches) in medium textured soil (Henson and Fenchel, 2007).  Similar to the 
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other native species, fertilization should be withheld during establishment year to prevent 
excessive weed competition.  Burning is recommended after the second or third growing 
season, and the optimal time is spring when regrowth is approximately 2.5 cm (1 inch) 
tall.  When grazing, it is critical to leave a minimum of 15 – 20 cm (six to eight inches) 
stubble height so that adequate regrowth and persistence can be achieved.  Fertilization 
recommendations are based on soil test analysis and are similar to that of corn 
recommendations.  Nitrogen should be applied at rates of approximately 224 – 336 kg ha
-
1 
(200-300 lbs) and divided among harvests, with lower rates possible in areas that 
receive less than 89 cm (35 inches) of rainfall annually (Henson and Fenchel, 2007). 
Switchgrass.  Switchgrass (Panicum virgatum) is a high yielding NWSG that is 
one of the “big four”.  It is highly adaptable, contributes to soil stabilization and wildlife 
potential, and also has value as either a biomass source for cellulosic production, or as a 
forage for beef cattle.  It performs best on clay loam to sandy soils which can be either 
dry or poorly drained, but is more suited to moderately deep to deep soils.  However, it 
can be used on eroded or degraded sites, and has been known to penetrate plow pans due 
to massive root systems.  Switchgrass is planted at a rate of 2.24 kg ha
-1
 at 0.64 cm deep 
(2 lbs PLS ac
-1
, at a ¼”).  It should be planted into a weed free, firm seed bed, prepared in 
advance to allow moisture to accumulate and for soils to settle.  Withhold N in year one 
to avoid excessive weed competition, and fertilize to achieve medium levels of soil test 
nutrients.  Weeds can be controlled with either herbicides or mowing in early 
establishment when grazing is ill advised. 
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  It is important to select the appropriate switchgrass variety for the intended land.  
Certain varieties are intended only for lowland planting and others are adapted to upland 
sites. 
      Animal component.  Beef cattle production is partly dependent on the external 
environment.  Specifically, stable body temperatures increase production and growth, 
with reductions occurring even with small increases in temperature (Finch, 1986).  
Clason (1999) found that coastal bermudagrass that was fertilized with 560 kg ha
-1
 of N 
produced 17,235 kg ha
-1
 of dry matter yield and was able to support stocker steer live 
weight gains of about 1000 kg ha
-1
.  The animals grazed for seven months at four animal 
units per hectare (AUH).   
  Cattle gains.  Ares et al. (2003) reviewed published literature and reported that 
livestock gains under increasing canopy closure in a silvopasture system decreased, 
closely following the same trend as forage production.  However, others have described a 
gain in production because of more desirable microclimates for cattle.  West (2003) 
discussed how cattle cool themselves and how they are affected by climatic conditions.  
Cattle normally utilize a combination of methods to dissipate heat including radiation, 
conduction, or convection.  However, as temperatures rise, the efficiency with which 
cattle achieve this cooling is reduced.  As these methods begin to fail, cattle rely on 
sweating or panting to lower body temperatures.  In conditions of higher relative 
humidity such as those found in the southeastern United States, these evaporative 
methods are less efficient at cooling, leading to increased body temperatures.  Higher 
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body temperatures reduce dry matter intake (DMI) by cattle, thus potentially reducing 
gains and production.  Anything that will reduce heat or the effects of combined heat and 
humidity will increase gain and production in cattle when all other factors are fixed.     
      In Florida, Karki and Goodman (2010) observed the behavior of cattle in an open 
pasture compared to a silvopasture utilizing 20 year old loblolly pine and bahiagrass.  
They observed the amount of time cattle spent loafing, playing, standing, scratching, 
moving, and grazing, as well as the location in terms of proximity to shade and water that 
cattle resided in for each pasture type.  When compared to a silvopasture, cattle spent 
more time loafing in an open pasture where microclimates are characterized by more heat 
and more solar radiation.  In the silvopasture setting where shade was distributed evenly 
over the forage, cattle spent a majority of their time grazing.  Intake is the primary 
limiting factor to production of cattle, so increased grazing is necessary for increased gain 
and productivity.  In contrast to other studies (Lin et al., 2001; Burner and Belesky, 2004; 
Koukoura et al., 2009; Norton et al., 1991; Sophonadora, 1991) the Florida study showed 
a reduction in CP and TDN from a silvopasture when compared to open pasture, though 
the levels were still more than adequate for beef cattle production.   
      Other studies also support increased grazing time under shade.  Bartolome et al. 
(2011) studied the grazing behavior of cattle when given access to a wooded area and an 
open pasture.  The observations revealed that cattle spent much time grazing within the 
wooded areas, even though forage was sparse in that environment, and fecal samples 
showed up to 33% of the diet was composed of woody material.  The authors suggest that 
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this could be a result of the cattle seeking shelter from heat and grazing opportunistically 
on the available feed stuffs in the forested environment.  This suggests a potential for 
increased grazing time under a shaded environment.   
      Interactions among components.  Despite the potential of silvopasture practices 
to achieve optimal and sustainable production, there are unique interactions among the 
land, the tree species, and the forage species that must be considered, and care must be 
taken to evaluate each combination individually.   
      Soil and roots.  Soil in a silvopasture is subject to compaction by grazing 
livestock and heavy equipment.  Compaction increases the bulk density of the soil and 
decreases total pore space.  Changes in these factors affect water infiltration rates and 
potentially plant growth.   
      Sharrow (2007) determined that after 11 years of grazing in a silvopasture on a 
silty clay soil, soil bulk density increased by 13% and total porosity decreased by 7%.  
Additionally, water infiltration decreased by almost 40% as a result when compared to 
the control.  However, field conditions returned to control values after only two years of 
withholding cattle from the system.  In comparison to those typically seen in a forest 
setting, compaction by cattle was more transient than that seen with the use of heavy 
equipment such as in forest operations and tended to return to original values much more 
quickly than conventionally managed plantations.   
Roots are dynamic in response to changes in soil moisture availability.  Due to the 
closing of stomata, trees that experience low soil moisture availability can sometimes 
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hydraulically lift water from deeper soil horizons via the tap root and other deeper roots 
and release this water into the vicinity of the lateral roots for uptake.  This release is due 
the differential osmotic pressures that exist between the soil and the roots.  When upper 
soil horizons are dry, water moves along a pressure gradient from the ground water, to 
the tap root, and out into the dryer soil horizons, and becomes available for uptake by the 
lateral tree roots that exist more shallowly than the taproot.  Coincidentally, forage roots 
located within the same vicinity as the lateral roots also have access to this water 
(DeBruyne et al., 2011).  This is accomplished as the upper horizons dry out, whether by 
competition or environmental factors, the water potential decreases in the cells of lateral 
roots and creates an imbalance that forces water from deep within the ground into the 
taproot in order to achieve equilibrium.  The root system then exudes some of this water 
into the drier soil near the lateral roots.  Trees have also exhibited lateral root decline in 
the upper 10 cm of soil profile due to water competition with grasses (DeBruyne et al., 
2011).  Studies vary on the extent of hydraulic lift responses, and it is likely site and 
species specific.  Also, in cases where water is sufficient, this mechanism would be 
negligible on forage production since water is released into the soil by tree roots in 
response to increasing dryness, or decreasing soil water potential (Fernandez et al., 
2008).  However, in some cases of limited water availability it has been shown that 
forage was able to benefit from hydraulically lifted water (Dawson, 1993; Ludwig et al., 
2004).  Forage roots were shown to grow more deeply as shallow water supplies were 
depleted by lateral tree roots, thus gaining access to hydraulically lifted water that 
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originated from deeper in the horizon.  Forages that were not in competition for water did 
not root as deeply and thus accessed water only from the upper rooting zone (Ludwig et 
al., 2004).  Grasses in a non-competitive system used more surface water and those in 
competition with trees relied more heavily on water derived from deeper in the soil.   
      Abiotic stressors, such as low water availability, are considered to be a large 
contributor to crop yield reductions around the globe (Wang et al., 2003), and responses 
can be brought on by various deficiencies or excesses of mineral nutrients, light, water, or 
any other plant necessity, frequently a result of a combination of factors (Tester and 
Bacic, 2005; Wang et al., 2003).  Certain production practices such as silvopastures may 
serve to moderate some microclimatic extremes such as temperature and solar radiation, 
but can also increase certain stressors such as water competition within the system.  It has 
been suggested (Jose et al., 2004) that water competition in a silvopasture may, in at least 
some cases, be the primary limiting factor to productivity rather than light.  In such cases, 
shade may actually improve plant production by moderating the micro-climate to 
conserve more soil water by reducing solar radiation, wind, and thus evaporative losses.   
Below-ground interactions.  Competition for resources can lead to changes in 
plants that may increase tolerance to abiotic stressors (Ackerson and Hebert, 1981).  
These changes and others are a direct result of morphological and physiological changes 
that occur in the plant on a cellular level due to soil water availability (Roberts et al., 
1980).  In a silvopasture, where water may be the most limiting factor, both the trees and 
the understory forage component can overlap in rooting depth and therefore partially 
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compete for the same water supply.  For forage plants, changes in water availability 
affect feeding properties such as digestibility and nutrient composition, as well as overall 
yield (Brauer et al., 2009).  Due to the potential reduction in lateral pine roots with water 
competition, there are fewer tree roots subject to direct trampling by grazing animals.   
      Jose et al. (2004) reviewed common above-ground and below-ground interactions 
that occur in temperate agroforestry systems and suggested there are four main 
categories: predation, competition, mutualism, and no interaction.  They acknowledged 
that there is much information available and published on interactions within these 
systems, but that it was inadequate because of a lack of research completed on 
interactions among specific species.  In order to create a more integrated, complete 
source of information that can be used in a practical manner by producers, these 
interactions must be studied and understood.  Interactions among the vegetative 
components of a silvopasture occur when two species of plants simultaneously compete 
for the same resources.  This supply is broken into three categories including space, 
nutrients, and timing.  Between two species, if any of their needs are different within 
these three categories, than a balance can be found where both will produce.  However, if 
all three categories are equal, then production will not occur sustainably because one 
species will eventually out-compete the other.  The terms commonly used in published 
literature include amensalism (one species suffers, the other is unaffected), 
commensalism (one species benefits, other unaffected), competition (species compete to 
the detriment of both), mutualism or synergy (both species benefit), neutralism (both 
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species unaffected), and predation or parasitism (one species benefits, other suffers).  The 
authors surveyed the existing known interactions in temperate agroforestry systems and 
summarized them.  The results apply to silvopastoral operations which are included in 
defined agroforestry practices.  The results suggest that shade has reduces yields of the 
forage understory, but increases overall production of the whole system through 
moderation of the micro-climate.   
      Rooting behavior influences water and nutrient uptake characteristics, and native 
grasses tend to have greater root biomass than naturalized grasses such as bermudagrass 
and bahiagrass, and deeper rooting capabilities than loblolly pine.  Improved forages 
were historically selected for above-ground production characteristics, due to the logistics 
of examining root biomass and other traits of grasses in selection procedures.  When 
cattlemen observed the fields, they were observing the ability of each grass species to 
maintain above-ground productivity and sustain cattle, while being heavily grazed.  They 
only viewed the above ground portions of the plants, and thus were unable to see the 
beneficial, expansive root systems produced by native grasses.  In times when fertilizer 
was cheap, naturalized grasses such as bermudagrass were economical choices because of 
the high yields with high nutrient inputs, allowing for greater stocking rates and daily 
gains in beef cattle.  These grasses tend to be very persistent even with heavy defoliation 
rates, since most plant nutrients are allocated to the above ground components.  However, 
when fertilizer prices rise, it may be more economical to produce native grasses that 
exhibit good yields with lower fertilizer inputs. 
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      Native grasses, in contrast, developed in marginally productive soils and are 
adapted to conditions where water resources are scarce.  They have the tendency to 
allocate greater resources to roots, allowing for increased root expansion relative to 
naturalized grasses, and the acquisition of deeper water supplies.  These traits are 
inherent to survival of these species.  Typically, root growth is a result of two factors 
including soil nutrient status and moisture that primarily influence root diameter, and soil 
physical properties such as texture that mainly affect root length.    
      Belsky (1994) studied the impact of shade from individual trees in a tropical 
savannah on understory vegetation and determined that in a drier area where water is 
more limiting, shade can increase productivity because it reduces temperature and water 
loss via evapotranspiration.  It was noted that the improved production of grasses was a 
direct result of increased moisture availability rather than from any other known effect.  
In systems where water is not limiting, the study suggests that competition among the 
various components may be more prevalent because of shared rooting areas.  Also, the 
same study showed that fertilization was effective in the grassy portions of the system, as 
well as the tree rooting areas.  However, in areas beneath the canopy where other nutrient 
inputs are already occurring such as from tree litter, there was no effect of fertilizer 
amendments. 
      The rooting habits of loblolly pine are different from those of native grasses and 
bermudagrass.  Young loblolly pine trees have a tap root that could potentially contribute 
to hydraulic lifting in young silvopastures where forage roots have not yet fully 
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developed.  However, except in rare cases of extreme prolonged drought, the tap root 
degenerates with tree maturity and resources are allocated instead to shallow lateral root 
development characteristic of older loblolly pine (Hardin et al., 2001).  These lateral 
roots drop deep sinker roots that could compete with native grass roots; however, it is 
unknown to what extent this occurs.  Competition among roots exists in the upper 
portions of the soil profile in many agroforestry systems and can affect production of the 
integrated components (Jose et al., 2000).  Loblolly pine, with lateral roots, sinker roots, 
and tap root, have the potential to complement deeply rooted native forages well if 
combined in the same biological space.  The limiting factor for native grasses would 
presumably then be light.  Moisture and nutrients are frequently cited as the primary 
limiting factor in a silvopasture and the stratification of rooting zones would contribute to 
alleviation of this issue.  
      Above ground effects of moisture competition.  Stomatal function and 
conductance is dependent on temperature, humidity, turgor pressure, and CO2 
concentration (Jarvis, 1976).  Water’s adhesive and cohesive properties allow water to 
move upward along a concentration gradient in the soil plant atmospheric continuum 
(SPAC) via function of the stomata.  Water moves in the direction of higher to lower 
water potentials and movement is controlled by osmotic balances, vapor pressures, and 
factors that affect these traits (Koch et al., 2004).  The soil, plant, atmospheric continuum 
is possible due to the fact that water at the leaf surface in the mesophyll cells is at 100% 
relative humidity which is usually more than the atmosphere at the interface.  Water 
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transpires outward from the stomata along this gradient as guard cells open to obtain 
CO2.  If balances are disrupted due to abiotic stress factors that affect water availability, 
stomata close and this system becomes slowed or stops and the plant is unable to take up 
CO2, ceases photosynthesis, and may die if the condition persists.  Forage response to 
drought, oxidative stress, water competition, salinity, extreme solar radiation and 
temperature, and other abiotic stressors frequently result in the same conditions whereby 
the plant is unable to sufficiently take up water.  Changes in water availability initiate a 
chain reaction of events in the plant that lead to physiological, biochemical, and 
molecular changes (Wang et al., 2003) as the plant attempts to adapt.  Tester and Bacic 
(2005) described the overall response of forage to water deficiency as a reduction in the 
ability to utilize energy in the photosynthetic light harvesting mechanism, because it is 
unable to sufficiently reoxidize NADPH.  Moller (2001) described the mechanisms of 
damage.  Aerobic metabolism leads to the production of unstable, partially reduced forms 
of oxygen (Pang and Wang, 2008) that build up in the plant when overwhelmed by 
stressors.  When this happens the mitochondria of the plant can sustain oxidative damage 
(Moller, 2001), as well as amino acids, membrane lipids, proteins, and nucleic acids 
(Pang and Wang, 2008).  The defense mechanisms are initiated when ions build up in 
plant cells during stress events in order to reduce the water potential to increase water 
intake.  Higher concentrations of ions such as Ca
+2
 trigger the activation of two 
alternative, non-proton-pumping dehydrogenases that serve to reduce the production of 
reactive oxygen species (ROS) by the mitochondria by maintaining the electron transport 
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chain in an oxidative state.  Alternatively, NADPH produced by the alternative 
dehydrogenases keeps the antioxidants in a reduced state.  In this way the plant is able to 
control oxidative damage by collecting the ROS.  However, in systems where water 
competition or drought combined with other stressors are simultaneously present, the 
protective mechanisms may become inadequate and damage may occur. 
      Silvopastures may experience increased levels of water competition below 
ground, increasing stress.  However, other microclimatic characteristics may mitigate 
these effects.  Damage such as that described can lead to lower quality forage with lower 
nutrient concentrations as forage is left ungrazed and matures.  Forage grazed too soon 
will be deficient in carbohydrate reserves, as well as more sensitive to other stressors 
such as trampling.  This can lead to significant production losses. 
      Wang et al. (2003) described the series of events that occur on a cellular level 
when a plant experiences water stress.  In general, they described the genetically 
controlled processes of stress response in terms of signaling, transcriptional control, 
protection sequences, and the scavenging of free radicals and toxins.  This particular 
study looked at stress response in terms of acclimation or the development of stress 
tolerance to elucidate these events.  They looked at regulatory controls, metabolic 
engineering, ion transport, detoxification and the production of heat shock proteins in 
response to abiotic stress, including deficient water supply.  These protective mechanisms 
restore the ionic balances within the cells of the plant, as well as the protective 
mechanisms of structural proteins and membranes.  At this point, successive stresses do 
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not affect the plant as severely, and adapted plants can function as efficiently at lower 
water potentials within the cell than plants that have not been subject to these stresses.  
Ackerson and Herbert (1981) described a more ephemeral response to these adaptations 
in cotton plants (Gossypium hirsutum).  Initially, the photosynthetic rates of stressed 
plants were lower than the non-stressed controls; however, after subsequent stressors 
were applied, the photosynthetic rates of the adapted plants were higher than in the 
controls subjected to the same treatment.  Several days after cessation of the stressors, 
turgid leaves of the control plants showed overall higher photosynthetic rates than the 
adapted plants.  Osmoregulation was determined to be the mechanism by which 
adaptation was developed in the study.  Young leaves under stress accumulated solutes, 
allowing for the potential of greater leaf pressure than the non-stressed control plants.  
Additionally, adaption allowed plants to maintain leaf turgor at lower water potentials 
than in the control leaves, allowing stomata to remain open and photosynthesis to 
continue.  Accumulation of ions or solutes within adapted leaves is either a function of 
greater non-osmotic cell volumes whereby starch granules can accumulate at greater 
concentrations or by general increased uptake and accumulation of ions, regardless of cell 
volume.  The latter explanation is uncertain because stress adapted and control plants 
showed equal leaf concentrations of solutes when at full turgor pressure.  Turgor pressure 
in adapted plants was attributed to continued photosynthetic capabilities even at low 
water potentials.  Adapted leaves showed up to 40% more non-osmotic cell volume and a 
decreased breakdown of the thylakoid membrane of the chloroplasts when compared to 
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control plants.  This suggests that plant response to water stress is variable and not 
entirely due to stomatal conductance changes that regulate photosynthetic rates, but 
instead includes the function of protective mechanisms and their ability to preserve cell 
structures.  Other non-stomatal changes that occurred in stressed plants include 
accumulation of photosynthates and larger starch granules that may contribute to 
alteration of CO2 diffusion and rate of metabolism.  One important difference in the 
specific solutes utilized by the plant includes the inability of non-adapted plants to move 
photosynthates into tissues within the plant under stress.  This means that translocation of 
nutrients essentially stops in stressed, unadapted plants.  However, in adapted plants, 
photosynthates continued to be translocated, even when leaf water potentials were low, 
allowing for maintenance of turgor pressure and the continued supply of sugars to plant 
tissues.  In fact, in contrast to non-adapted plants, adapted plants were unable to utilize 
sugars as an osmotic regulator (Ackerson and Hebert, 1981).  If sufficient yields could be 
obtained it is possible that natural adaptations to water scarcity exhibited by these plants 
could be effective in mitigating production losses due to this stressor. 
      Other considerations: interactions.  The degree to which forage is affected by 
water competition in a silvopasture is a function of adaptation, specific species involved 
and their subsequent rooting characteristics, and the ability of the plant to produce 
adequate yields in times of multiple stressors including compaction by grazing animals, 
shade, and water competition.  Plants that are adapted to low water availability such as 
Coastal bermudagrass (Cynodon dactylon) are frequently not tolerant of shade.  Also, 
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these types of forages respond well to high fertilization and low water.  However, in the 
wake of higher fertilizer prices, producers are minimizing the amount of fertilizer they 
apply, which ultimately lowers the nutritional value of the plant as a feed, by reducing 
nutrient concentrations.  Additionally, producers tend to leave the forage in the field 
when rain has been limiting and growth scarce, which drastically lowers the quality of the 
forage as it begins to mature and lay down secondary wall materials and lignin that are 
mostly indigestible to grazing animals, including beef cattle.   
      Forage plants in a silvopasture experience moderation of other abiotic stressors 
such as wind, excessive solar radiation, and other environmental factors that would 
decrease soil moisture.  Shade reduces photosynthetic rates of forage and total yield, but 
has been shown to increase the quality by delaying the deposition of the secondary cell 
walls and lignins (Burner and Beleskey, 2004).   
      Water competition in a silvopasture is variable depending on the species involved 
and the specific environmental factors at that time.  If water is adequate, there is little 
evidence that hydraulic lift supplies additional water to grasses.  Also, grasses tend to 
root less deeply in these conditions, thus partially occupying the same soil zone as lateral 
tree roots.  In times of low rainfall, however, trees have been shown to benefit grasses by 
hydraulic lift.  The taproot accesses deeper ground water and translocates it into the drier 
soil near the lateral roots closer to the surface.  Grasses tend to root more deeply in these 
systems when water is scarce, and thus, can take advantage of some of this water.  
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Additionally, shade and other characteristics of the silvopasture moderate other abiotic 
stress factors, reducing the chance of the plant fighting multiple stressors simultaneously. 
      It is not well understood how much interaction would occur between the deep 
sinker roots of loblolly pine and the deep fibrous roots of native grasses.  Also, there is 
likely to be effects on tree lateral rooting with competition from grasses and compaction 
of soil by grazing cattle in the alleyways.  It is likely that these factors would suppress 
lateral rooting of the pine.      
      When moisture and nutrients are not limiting, light is the primary limiting factor.  
Light quality and quantity are altered in a silvopasture and must be considered in 
management decisions.  Tree species, including loblolly pine, selectively absorb red and 
blue light and leave higher proportions of the middle range wavelengths to reach the 
understory vegetation.  As a result, the forage crops in a silvopasture may experience 
reduced total photosynthetically active radiation (PAR) and altered light quality.  The 
middle range light waves are less efficient at supplying the 4.7 x 10
5
 joules (J) of energy 
required to initiate photosynthesis by splitting the CO2 molecule into O2 and C.  Light 
quality refers to the specific light waves present in energy, and has been shown to alter 
physiological and morphological processes in understory plants such as maturation, 
budding, stem elongation, and other traits that directly contribute to forage quality.  In 
addition to receiving less efficient light waves to deliver energy required for 
photosynthesis, plants are typically inefficient at utilizing the light energy they receive.  
For example, some plants utilize only 30% of the light energy that they receive.  The 
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specific photosynthetic pathway affects the ability of a plant to utilize lower light levels.  
Frequently, C3 plants perform better than C4 plants in low light environments, and 
although this study does not include any, it will be discussed here in order to better 
explain the more advanced mechanisms of the C4 plants that are included.   
      Other considerations include allelopathy that may or may not occur and is 
dependent upon the selected species.  Allelopathic interactions could also be potentially 
reduced with variable rooting characteristics, and species specific interactions will vary 
greatly.  Certain plant species are known to exude allelochemicals, but these chemicals 
typically are restricted to a soil zone within a few centimeters from the source roots (Jose 
et al., 2000), meaning that potential interactions among East Texas forest species could 
be mitigated by providing adequate biological space between the roots of the various 
species included in the system.  The required space would depend on whether there are 
any allelopathic tendencies of the species at all, and if so, how much space would prevent 
the roots from occupying the same soil area. 
      Studies have been conducted on other interactions found in silvopastures and 
determined that they may be mitigated by management strategies such as tree row 
configurations, fertilization, and grazing.  Specifically, Ares et al. (2003) reviewed 
existing literature and found published significant interaction effects on yield between 
grazing and fertilization (p < 0.01); Bambo et al. (2009b) found significant interactions  
(p < 0.001) among year (2004, 2005) x tree configuration (open pasture, double row, or 
random thin; 225 trees ha
-1
) x month (July, August, September, October); Burner and 
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Belesky (2008) determined that there were significant (p < 0.001) interactions between 
month (within year) x site on soil moisture and PAR, and a three way interaction among 
year, site, and specific selection of tall fescue type.  All of these interactions must be 
considered before a production system is implemented 
Management of silvopastures. 
East Texas is well-suited for high productive potential for a silvopasture 
production system.  Warm season forages provide long grazing periods that last from 
approximately April through September, and sometimes extending into October.  Rainfall 
is relatively high, which offsets some moisture competition among the intercropped trees 
and forages, and species common to the area such as loblolly pine (Pinus taeda) have 
shallow lateral roots that allow stratification with the deeper roots of many warm season 
grasses.  Cattle production can be sustained with the use of cool season forages, and there 
are many legumes available that can extend the grazing period and add nitrogen to the 
system through symbiotic N2 fixation.  This also serves to provide protein to cattle and 
enhance the overall gains.  Other factors exist that make this area especially favorable for 
silvopasture and include sensitive watersheds that could benefit from the diversification 
of ecosystem services provided by this system of production and marginal land 
productivity that could be improved with multiple products.  Products that could be 
derived in a loblolly- beef cattle silvopastoral production system already have markets 
and infrastructure in place in East Texas.  Timber, beef cattle, and forage are currently 
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prevalent commodities in the area which will increase the economic feasibility of this 
system.       
      Management considerations for East Texas.  The requirements of the grasses in 
the current study are similar in terms of climatic needs such as temperature and 
precipitation.  However, tolerances differ that have important implications for the site 
specific plant selection in a silvopasture in East Texas.  For example, all of the forages in 
this study grow well in soils that are moderately well-drained to well-drained.  None 
prefer poorer drainage, but Eastern gamagrass, Florida paspalum, and Tifton 9 bahiagrass 
will tolerate poorer drained soils.  Bermudagrass can tolerate brief periods of inundation 
but typically does better on well-drained sites.  Switchgrass, bluestem, and indiangrass all 
tolerate more excessively drained sites, but also prefer moderate drainage (Shaw, 2011).   
      Soil chemistry is also important.  Much of East Texas is comprised of acidic soils 
due to the high rainfall and weathering rates that leach basic cations from soil profiles.  
All the native grasses in this study tolerate some soil acidity, but indiangrass and Florida 
paspalum are especially tolerant of acidic conditions.  The introduced species tolerate a 
wide range of pH as well, but prefer neutral to basic soil pH, a fact that can be verified by 
the amount of lime that is utilized to increase production in the region.  Other grasses in 
this study are more tolerant of excessive moisture as may be seen in periodic flooding 
events.  Gamagrass, Florida paspalum and Tifton 9 bahiagrass tolerate some flooding and 
poorer drainage, and bermudagrass tolerates even temporary inundation.  However, big 
bluestem, indiangrass, and switchgrass prefer better drained soils and should be selected 
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accordingly.  Management of sites should consider the soil type and drainage class in 
forage selection among these grasses (Shaw, 2011).   
      Fertilization requirements are also different for the grasses in this study.  Native 
grasses are at risk of being out-competed by weeds if fertilizer is applied during 
establishment.  These grasses can take up to three years to establish, with one or two 
years being more typical depending on site quality and weather conditions.  If tree 
seedlings are planted in an existing native grass stand, it is possible that seedlings may be 
shaded out by the more upright native grasses.  The use of a banded herbicide to control 
herbaceous vegetation along tree rows is frequently used to limit this competition.  In 
contrast, the naturalized bermudagrass and bahiagrass are shorter in height and thus will 
not be as likely to shade out the woody component.  Despite being shorter, bahiagrass 
and bermudagrass may out-compete young trees for nutrients due to excessive lateral 
spreading in the form of stolons and rhizomes.  Loblolly pine are sometimes fertilized in 
East Texas plantations depending on economic return, as fertilizer amendments can 
increase yield and quality of pine (Jokela and Long, 2015).  Fertilizer nutrients such as N, 
P, and K are frequently applied to forage crops in East Texas.  Liming acid soils to a 
slightly acidic pH would accommodate the intercropped forage grasses as well as the 
pine.     
      The differences in nutrient allocation by native versus naturalized grasses result in 
management regimes that must consider the level of defoliation.  Grazing native plants 
too frequently cause the plant to allocate too many resources to top production while 
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limiting the ability of the plant to expand its roots.  Grazing native grasses to below eight 
or nine inches reduces plant density and persistence because growth points in native 
plants are generally higher than in the naturalized forages.  In contrast, naturalized 
grasses (bahiagrass and bermudagrass in this study) are capable of withstanding close 
grazing (below four to six inches) and recover with the heavy use of inputs, especially N 
fertilizer.  When mixes are considered, it is important to consider such things as relative 
palatability of the components to grazing animals.  For example, gamagrass is highly 
palatable to livestock and will be selectively grazed over time if included in a mix (Salon 
and Cherney, 1998).   
      Loblolly pine established on an existing open pasture must be protected from 
grazing during establishment.  Because of this, the area may be hayed, or land that 
producers would have had in forage production would be put out of production for years 
if fencing or other means of exclusion are not utilized.  This could potentially limit the 
annual income of the producer, a dilemma compounded by the lack of government 
subsidy programs for land conservation that directly address silvopasture methods as a 
viable means of conservation.  Excluding cattle and haying from the site would coincide 
with the establishment period for native grasses except that these grasses may shade-out 
young trees.  The introduced grasses bahiagrass and bermudagrass tend to grow shorter 
which prevents shading, but also spread more aggressively and can potentially             
out-compete the tree seedlings for water and nutrients.  Native grasses are bunch grasses 
that do not typically, aggressively spread via stolons or rhizomes, and so are less likely to 
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out-compete young seedlings.  In any operation with trees however, a banded herbicide 
application can selectively kill competing vegetation while not harming seedlings.  The 
individual crop and land layout should be examined, and cattle handled in such a way that 
these criteria are met.  
      When converting a pine plantation or forested site to a silvopasture, 
considerations must be made for the amount of underbrush present and the density of the 
stand.  If it is cost effective, it may be beneficial to remove woody brush through burning, 
mechanical, or biological methods such as browsing with goats or other smaller 
ruminants.  Small diameter stumps and woody materials can be mulched, but this may 
increase the residue layer on the soil surface, reducing seed establishment efficiency.  In 
general, removal of thick litter layers and woody debris is essential to successful 
establishment of the understory vegetation, and higher seed rates should be used so as to 
compensate for the lower seed-to-mineral soil contact in these conditions (Nowak and 
Long, 2003).  
      Initial thinnings of a dense stand may need to be divided into two events over a 
few years in order to avoid damage to the remaining stock due to wind or other 
environmental stressors.  However, if stand density permits, one thinning may be 
conducted.  Regardless, a final canopy cover percentage of 35 and 50 percent is 
recommended for warm and cool season grasses, respectively.  Tree configurations have 
been studied, and currently the accepted best management decision is to plant in a 
double-row tree design so that each tree receives full sun at least part of the day.  Within 
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each row, trees should be spaced approximately 8 – 10 ft apart, with the paired rows 
staggered and separated by the same 8 – 10 ft spread.  Alleyways between the double 
rows should be approximately 40 ft so as to allow for adequate forage production of 
warm season forages (Burner and Brauer, 2003).  As trees mature, additional pruning to a 
height of 20 ft is recommended.  After tree removal, it is recommended that a prescribed 
burn be conducted to remove debris and generally clean the site.  Stumps may be ground, 
burned, or removed prior to preparing the seed bed for forage planting.  Fertilization 
should be based on soil test results and amounts recommended to meet the forage needs.  
Tree management.  Pine seedlings are shade intolerant and require adequate 
amounts of the appropriate light quality to thrive.  Specifically, both red and blue light 
are preferentially absorbed by chlorophylls A and B, respectively.  Energy is transported 
in the form of photons and is transferred to phytochrome pigments providing energy for 
photosynthesis.  Since loblolly pine relies heavily on current photosynthate, special 
considerations are made.  For example, if converting an open pasture to a silvopasture, it 
is important to manage the forage by mowing during the no-grazing period so that the 
height of the forage does not exceed the height of tree seedlings and prevent acquisition 
of appropriate light.   
      It is known that sunlight quality is altered as canopy layers preferentially absorb 
the more energy rich blue light, leaving the less energetic red light to reach the understory 
plants.  If the amount of light energy reaching the seedling drops beneath the light 
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compensation point where the amount of carbon fixed is equal to the amount lost through 
respiration, the plant is unable to survive. 
      Appropriate configurations and spacings for a silvopasture are those that most 
efficiently allow for the distribution of light resources to all components of the 
silvopasture, including the forage understory.  Orientation of tree rows should follow land 
contours first in order to reduce soil erosion; otherwise, a north to south orientation will 
allow at least one side of the trees to receive full sunlight during the day, which increases 
tree production and meets the overall goal of high quality sawtimber.  To maximize 
sunlight to the understory, an orientation of east to west can be used, but it is less 
preferable than managing for erosion and for tree production.   The responses described 
in this section would be expected in a silvopasture that was similarly managed.   
      Trees in a silvopasture are spaced differently than those in traditional pine 
plantations.  Pine plantation management is aimed to maximize production of the tree 
crop, whereas silvopasture seeks to optimize production of multiple products.  Spacing 
trees at greater distances allows finite resources to be allocated to the forage understory 
(and indirectly to the animal component) and to the woody crop.  Biomass allocation 
within trees, specifically loblolly pine, is influenced in part by environmental conditions.   
Bambo et al. (2009b) studied the effects of different tree configurations with 
equal stand density (225 trees ha
-1
) on the production of alley cropped forage in northern 
Florida.  The stand was an eighteen-year-old loblolly pine stand that had been established 
on a sandy loam soil in an agricultural field.  The study determined that a double row tree 
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configuration with 15m wide alleys reduced forage DM yield of ‘Argentine’ bahiagrass 
by 22% when compared to open pasture, while a randomly thinned treatment reduced 
yield by 29%.  However, there was no significant difference in yields under these two 
treatments.    





 provided optimal production for sawtimber when the forage component is 
also being considered.   
      Burner and Brauer (2003) studied the effects of varying alley widths on the 
production of a mixed species forage understory in a silvopasture in Arkansas.  The 
primary species in the mix were bermudagrass (Cynodon dactylon) and tall fescue 
(Festuca arundinacea).  Results indicated after five or six years, tree spacings of 4.9 m or 
less began to affect herbage yield; thus, spacings of at least this distance are necessary to 
achieve many yield and quality objectives.   
Studies (Ares et al., 2003; Burner et al., 2011) conducted to evaluate the growth 
of loblolly pine when combined in a silvopasture setting with various forages have shown 
that production of sawtimber was enhanced when combined with forage crops and 
grazing because of incidental fertilization, and other regular forage management 
practices.  Samuelson et al. (2001) and Ackerly (1999) reported that the addition of 
fertilizer to loblolly pine greatly enhanced leaf area which resulted in overall greater 
production.  Since silvopasture is, by definition, an intensively managed system, fertilizer 
is an integral component.   
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Using alternative nutrient sources such as poultry manure and biosolids have been 
studied when applied in a silvopasture.  Elfroymson et al. (2008) studied application of 
biosolids to various systems including a loblolly pine plantation.  The study confirmed 
that there would likely be increased growth and yield of the tree component as a result of 
biosolids application, as well as speedier decomposition of tree litter inputs and other 
organic matter.  Additionally, intermittent rows of variable vegetation increase the 
likelihood that sediment will be retained on site, and multi-stratified rooting systems 
reduce the chance of nutrient loss such as N and P via leaching. 
      Studies on silvopasture have been conducted to determine the appropriate 
management decisions regarding fertilization, tree configurations, stand density, alley 
widths, tree species, and other factors.  In forests, growth (carbon gain) is related to leaf 
area, rate of net photosynthesis, and respiration.  All of these physiological processes are 
related to temperature, water supply, genetics, and availability of nutrients.  Since 
photosynthesis and respiration are enzymatic processes, temperature greatly affects the 
rate at which these occur.  Genetics tend to control efficiency of carbon gain and 
allocation, while the environment tends to affect the rate of physiological processes.  
Silvopasture production systems are subject to unique management practices designed to 
optimize production of various components such as loblolly pine, beef cattle, and forage.  
      Pasture management.  When crops are rotated with or intermixed with 
leguminous species such as clover, some of the cost of fertilizer can be offset due to the 





of nitrogen to the soil when plowed under as a green manure.  In East Texas the use of 
legumes to supply some nitrogen and extend grazing times past the growth of warm 
season C4 grasses has long been practiced.  Various clovers (Trifolium spp.) are utilized 
especially, including ball clover (T. nigrescens), and crimson clover (T. incarnatum).  In 
addition to offsetting the cost of added fertilizer nitrogen, these plants are also high in 
crude protein for grazing animals, and tend to add organic matter to the soil.  They tend 
to be C3 plants that are more adapted to cool season growth which can extend grazing 
times in the region and supply a highly nutritious supplement to more fibrous feeds.  
However, management must include considerations for bloat with some clover species.    
      Silvopasture management can utilize these natural processes by including a 
spring or fall clover additions to a southern pasture that will increase grazing months and 
add additional nitrogen to the soil.  Cooler, moister micro-climates will allow more 
favorable conditions for soil fauna and subsequently more thorough utilization of site 
resources.  Additionally, silvopastures have repeatedly been shown to increase soil 
organic matter, improve soil structure, and increase nutrient cycling when compared to 
conventionally managed pine plantations or open pastures (AFTA, 1994c).  The simple 
addition of multiple plant types with variable root system distribution will increase 
diversity of a system and increase overall soil and ecosystem health as a result.  
      Bambo et al. (2009b) studied the effects of overseeding ‘Argentine’ bahiagrass in 
a silvopasture setting with various annual cool season forages and determined that P 
uptake by the grass forage crop was enhanced, regardless of which cool season treatment 
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was considered, and CP and digestibility of the bahiagrass were increased when plots 
were overseeded with a mix of ryegrass-crimson clover or with red clover.  Evers and 
Gabrysch (1994) evaluated various leguminous species for their cover crop potential in 
southeast Texas.  Specifically they studied the dry matter yield, crude protein (CP %), 
and the ability of each species to fix atmospheric N and thus provide another N source to 
a row crop system.  The five legumes studied included Overton R18 Rose clover 
(Trifolium hirtum), Koala subclover (Trifolium subterraneum), Tibbee crimson clover 
(Trifolium incarnatum), hairy vetch (Vicia benghalensis), Kondinin rose (Trifolium 
hirtum), Nungarin subclover (Trifolium subterraneum), and Jemalong medic (Medicago 
truncatula).  The study determined that the greatest N fixation rates occurred with hairy 
vetch, Tibbee crimson, and Overton R18 rose.  The Koala subclover had potential to 
perform well, but failed because of lower temperatures in the second year.  Because of 
this, the researchers suggest that Mt. Barker clover could be substituted for Koala since it 
is more cold-hardy.  Also noted was the fact that if the top producing clovers were left 
growing until May, 112 – 168 kg N ha
-1
  (100 to 150 lbs N ac
-1
) could be fixed.  
However, the authors also recognized that many row crops are planted before then, 
making this scenario unlikely in practice.  They also suggested an alternative where the 
clover could be planted on acreage currently not producing crops in order to protect the 
soil, add additional N, add organic matter, and control weeds.  Evers (2008) supported the 
notion that leguminous crops in East Texas could reduce the need for winter feed 
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supplementation.  Legumes are compatible with silvopasture, and thus are expected to 
yield the same benefits. 
      Grazing management.  In silvopasture systems, there is a critical need for 
producers to match the number of grazing animals to the amount of forage available 
(grazing pressure) in order to limit degradation of the site.  These are very general terms 
and are highly species specific.  Typically, if less forage is available than what the cattle 
need, they will overgraze the area, resulting in less leaf area available for photosynthesis, 
limiting future yield and persistence, as well as allowing intrusion of weeds.  Also, plants 
that are overgrazed risk having their growth points removed which slows subsequent 
growth and recovery (Anderson, 2000).  When this happens, plants must restock their 
photosynthates for development of a new growth points first, instead of allocating 
resources to the tops for grazing.  When cattle are grazing with this intensity, forage 
quality is lower, so there is an overall loss of production by the cattle component as well.  
Coupled with lower forage quality and possibly reduced dry matter intake in extreme 
cases, there is an increased risk for parasitic organism populations in the soil being more 
easily transmitted to cattle with closer grazing.  Cattle in an overgrazed system tend to 
exhibit lower production rates as a result of all of these reasons; additionally, there is an 
increase in the risk associated with heavy grazing regimes due to a loss of site 
productivity coupled with depressed cattle production, and increased risk of loss of the 
weakened remaining forage stand.   
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      In contrast, longer growth times between defoliation events also result in 
significant decreases in forage quality.  Animals are more selective with more forage 
availability and tend to only graze the very tops of new growth.  The rest of the forage 
declines in quality and is an economical loss if it is not cut and stored for future use.  
      In summary, overgrazing damages plant roots and tops, reduces yields and 
quality, increases soil degradation risk, and allows the introduction of more weeds and 
parasites.  Under-grazing reduces economic returns through reduced forage quality with 
maturity as well as wasting product.    
      Cattle can also damage trees when seedling height is below the heads of animals.  
Several risk factors include trampling, browsing tops, and compaction of the soil around 
newly planted trees.  Measures are generally, and necessarily, taken to prevent damage to 
tree crops including fencing off the area until trees are three to five years old, or until the 
heights of the trees are sufficient to protect the terminal bud from damage.   
      Physiological effects on trees by grazing beef cattle.  Fike et al. (2004) discussed 
the importance of protecting seedlings from damage by cattle.  Specifically they 
described the damaging effects of trampling or rubbing, and compaction of soil and 
damage to tree roots.  Primarily, removal of the terminal bud by cattle can reduce growth 
and production of trees.  Myers et al. (1999) described the physiological response of 
loblolly pine to the removal of the terminal bud from the standpoint of sinks for storage 
of photosynthetic material.  There are various places in which photosynthate is briefly 
stored in a tree to await use.  These locations are referred to as sinks and include both 
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lateral and terminal buds.  The authors found that when the terminal bud was excised 
from loblolly pine, the photosynthate that would have been transported to that location 
for growth was instead converted to sucrose and starch, subsequently reducing the 
photosynthetic capacity of the leaves and their ability to store carbohydrates.  Loblolly 
pine depend heavily on current photosynthate for production.  Each needle during the 
seedling phase is actually a cotyledon that stores available photosynthate.  If cattle 
remove this portion by grazing or by other means, the tree loses valuable storage for 
current photosynthate.  This reduction lowers overall productivity and should be avoided 
by fencing off young trees, or by protecting individual trees until the height of the 
terminal bud is sufficient to prevent browsing.  Production in the forage alleys may be 
hayed in the meantime.   
      Other considerations.  If native grasses are used instead of introduced species, 
there is typically a three year establishment period where forage usage will be negligible.  
This partially coincides with the establishment period (approximately five years for 
adequate growth height) of the tree component, but if introduced grass species are used 
instead, haying can be conducted starting in the first year while livestock are excluded.  
Producers must carefully consider their primary objectives and financial options during 
this time period.  Other studies, such as that by Pearson et al. (1971), showed no effect of 
lighter grazing regimes on the establishment of newly planted seedlings or on survival to 
age five.  However, heavy grazing (>56% utilization) did adversely affect trees and 
reduced tree density.   
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Current Status and Issues. 
      Adoption of agroforestry.  Dagang and Nair (2003) reported that it is critical that 
researchers determine which factors inhibit adoption of agroforestry practices.  They 
suggest that future research should attempt to determine the reasons that adoption is not 
occurring, as well as study those specific reasons and how to overcome them.  They also 
discussed the importance of research as a mechanism to concentrate currently available 
information and present it concisely to local producers, examine appropriate species and 
interactions, and keep up with emerging knowledge and technologies pertaining to this 
system of production.  Essentially, the study suggests that researchers need to be more 
aware of issues directly pertaining to the producers they are trying to assist. 
 A primary inhibitor to widespread adoption by producers is likely due, in part, to 
insufficient outreach, support, and dissemination of information available to the public or 
local producers (Current et al., 2009).  One possibility to increase adoption of this 
production system is to provide “green” payments for good stewardship of the land.  
These payments would reward specific environmentally beneficial management 
outcomes such as carbon sequestration, water quality improvement, or other ecosystem 
services that increase sustainability and long-term production of the land.  Currently, 
programs such as the conservation reserve program (CRP) provide payments for 
producers that keep certain sensitive lands out of production.  With the implementation of 
“green payments” that reward good stewardship of working lands, including that seen 
within agroforestry production, it may be possible to maintain production on these lands 
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while not degrading the overall health of the system.  Another issue is the practice of 
subsidizing farm products such as feed, corn, and cotton.  This practice is considered by 
some to be an unfair trade practice that distorts global fair market value, consequently 
hurting developing nations by making them dependent on imports.  However, if “green 
payments” were made instead, then this could allow for continued income to the producer 
(Current et al., 2009) while avoiding some of the controversy associated with subsidies.   
      AFTA (1997) and Lehrer (2009) discussed ways in which agroforestry practices 
could be explicitly incorporated into future farm bills by including considerations for it in 
programs such as the Conservation Security Program (CSP) that seeks to reward 
producers that utilize sustainable practices on lands in production.  Subsidies for 
commodities such as corn, soybeans, wheat, cotton, and rice, are expected to decline in 
the future.  It is likely that with a decrease in subsidies there will be more interest in 
programs such as the CSP that could potentially provide support for producers that 
demonstrate good stewardship of working lands.  The author also suggests that by 
incorporating diverse groups with variable objectives under the umbrella of the CSP it is 
likely that more support for the expansion of agroforestry might be obtained.   
Models for predicting performance.  Ares et al. (2003) acknowledged that 
certain management techniques utilized within a silvopasture system are absent in a 
conventional plantation setting.  These differences could result in yield prediction models 
being unsatisfactory for use in silvopastures.  Specifically, the study illuminated the fact 
that many yield models are developed utilizing data from conventional plantations or 
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natural forest settings.  In the study, height and diameter at breast height (DBH) were 
compared in loblolly pine grown in conjunction with a managed forage understory or 
those grown with volunteer grasses.  The study also included a grazing animal 
component.  Results showed that height and DBH were greater in trees grown over a 
managed forage understory, and that forage understory affected DBH more than it 
affected height.  Based on these results it was concluded that the relationship between 
DBH and height varied depending on management scheme.   
      Blazier et al. (2008) studied the effects of repeated poultry litter applications (as 
an N and P source) on a loblolly pine silvopasture and determined that even on soils 
sufficient in nutrient supplies, a response was achieved with additional fertilizer 
application.  The authors suggest that due to increased crown mass in the silvopasture 
trees when compared to typical plantation trees where spacing is less, the trees have the 
ability to store and utilize more nutrients, meaning that possibly lower amounts of 
fertilizer inputs could be applied.  The study suggested that established threshold critical 
nutrient levels for loblolly pine leaf tissue and soil may not be relevant within a 
silvopasture setting because of the varying fertilizer regime and its effect on tree 
physiology and growth. 
      In recognition of these important differences, Knowles et al. (1998) suggested 
that the relationships between understory pasture production and overstory tree 
production needed to be studied.  To further this point they developed a model whereby 





 = 0.89).  It is important to develop prediction models that account for 
management regimes utilized in a silvopasture.  Fertilization, spacing, grazing, and other 
practices influence the physiology and subsequent production of trees in this system.  
Ares et al. (2003) reviewed the applicability of existing regression models for predicting 
tree production in a temperate agroforestry system.  They pointed out that these equations 
may not be accurate in intensively managed agroforestry systems due to the minimum 
stand density requirements for model inputs, and the effects of fertilization, pruning, 
grazing, or tree stand designs that allow for optimum production of all components as 
opposed to simply tree production.  This review suggests that tree growth models need to 
consider the unique agroforestry practices that may alter tree characteristics such as 
fertilization, wider tree spacing to accommodate forage production, and other variables 
that may not be considered in traditional forest models.    
      This same study reviewed existing regression models used to predict livestock 
gains based on stand basal area (BA).  They determined that, in general, livestock gains 
were affected by more than just stand basal area in an agroforestry system.  They 
suggested that other factors could include decreasing forage quality over time, 
competition among the tree and forage components, or the specific type of forage 
managed in the understory.  Time series analysis and analysis of variance on repeated 
measures are possible options for analyzing production data for the various components 
in the system, with long term data from existing trials being ideal.   
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      Jose et al. (2004) suggests that more research needs to be performed that can 
perpetuate development of models based on specific biological processes occurring 
within a silvopastoral system.  They suggest that models are an effective technique for 
estimating production in a variety of different sites and species combinations. 
      Methods of shading used for research.  Various methods for reproducing the 
low-light environments found under a tree canopy have been studied (Bell et al., 2000; 
Paquette et al., 2010; Richard et al., 2009; Varella et al., 2011).  Generally, the studies 
have concluded that significant differences do occur as a result of a homogeneous light 
environment as opposed to a dynamic light environment as would be found under a tree 
canopy.   
Another study (Man and Greenway, 2011) examined the effects of the artificial 
shade produced by a 1 m
2 
framed black mosquito screen (50% light transmission) on the 
microclimatic conditions beneath.  They determined that generally the open, uncovered 
soil was 1°C warmer than the shaded soil.  They also determined that, on average, there 
was 2% more moisture beneath the shade than the full sun plots, but that the differences 
were not significant.  
Feldhake et al. (2005) studied various methods of light measurement in a 
coniferous silvopasture, and how well correlated each method was with forage yield.  The 
three methods included were a hand-held PAR meter that is beneficial in that it can be 
quickly moved from locations in order to quantify more area, a stationary PAR meter 
with an associated data logger for temporal measurements in a single location, and 
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“hemispherical photography” with a subsequent calculation of the seasonal direct beam 
radiation using software.  Each measurement method showed a significant, yet weak, 
correlation with yield, and there was much variability in the data.  The authors suggested 
that interactions among the soil characteristics, seasonal changes, and variable animal 
























Materials and Methods 
Site 
Plots were located at the USDA Natural Resources Conservation Service (NRCS) 




45’ 33” W).  Plots were on the Woden soil series (coarse-loamy, siliceous, semi-active, 
thermic Typic Paleudalfs), characterized by very deep, moderately well-drained, slightly 
acidic soils formed from alluvial sediments, and recently cleared of loblolly pine (Pinus 
taeda) dominated forest.  Soybeans (Glycine max) were maintained as a cover crop on the 
site prior to the establishment of the grasses.   
Artificial Shade 
 
To meet the overall goal of this project, slatted lath shade structures were 
constructed that simulated the quantity, quality, and overall behavior of the light found 
under a loblolly pine canopy in a silvopasture setting. The total shading of 50% selected 
for this study is slightly above the known upper limits of acceptable shading for warm 
season grasses of approximately 45% (Lin et al., 2001).  
Shade structures were used instead of shade cloth in order to most closely mimic 
light regimes under a loblolly pine silvopastoral canopy, while still allowing for 
controlled treatments.  The size of the structures was sufficiently small to cover a single 
1.49 m
2
 plot, and to allow for overall easy mobility of the structures during forage 
management. The  structures not only achieved the same light quality and quantity (50%) 
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found in a typical silvopasture, but also allowed for the recreation of intermittent light 
similar to sunflecks that would occur under a branched over-story (Chazdon and Pearcy, 
1991).  The nature of the light can contribute to changes in the morphology of understory 
vegetation beyond differences in light quantity (Varella et al. 2011).   
Wooden laths were on a frame of Charlotte PVC pipe 1" x 20' schedule 40 PVC 
plain end pipe (Lowes: Item #: 23975 | Model #: PVC 04010B 0800).  The PVC pipe was 
cut into 1.22 m (4 ft) sections and attached into a cubical shape using LASCO 1" 
Schedule 40 Side Outlet Elbows (Lowes: Item #: 315499 |  Model #: 413010RMC).  The 
top portion of the frame was adjustable, achieved by drilling round, 1” holes in the top of 
the upper four elbows to create an opening through which the side legs could slide, so 
that the top could be maintained at an approximate height of 0.33 m (≈ 1 ft) above the 
forage canopy (Varella et al. 2011).  
Plots and individual wood-lath strips were oriented east to west so that sunlight 
would be intermittent (i.e. perpendicular to solar trajectory) (Figure 2).  Row spacing was 
either 2.44 m or 3.66 m (8-12 ft) from east to west, and 1.22 m (4 ft) from north to south.  
With this design, it was possible to maintain a completely randomized design without 




Figure 2.  The image above shows the structure and associated shade coverage at 10:15 
am.  Note that the shade cast at this time is sufficiently covering the sample zone.  Light 
measurements and critical light intervals were considered to be 11:00 am through 2:00 
pm, at which point, the entire plot section was covered by the shaded structure. The 







The over-all experimental design is a completely randomized, two-way factorial 
design, with cover type randomly assigned to plots, and shade treatment (0%, 50%) 
randomly assigned within cover type.  The experiment was replicated six times within the 
one site described above.   
In total, there were 96 plots established (2 shade levels, 8 cover types including 7 
forages and a bare mineral set, and 6 replications) (Figure 3).  There were a total of 14 
treatment combinations for forage, and 16 for soil with the inclusion of the bare mineral 
plot in the soil set.  
Statistical Analyses 
Objectives one (shade effect on forage), and two (forage effect) were 
accomplished using a 7x2x3 factorial design, and data was analyzed with a Model III, 
Repeated Measures ANOVA using SAS 9.3 for Windows (SAS Institute, Inc.).  Two of 
the factors were fixed and included seven forages and two light treatments (full sun, 50% 
full sun), and the last factor, year, was included as a random variable.  Plots were 
considered the repeated measure, or error term.  In any case where there were significant 





X X X X X X X
1 2 3 4 5 6 7 8 9 10 11 12 13
X X X X X X X X
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28
X X X X X
29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44
Bare mineral plot X X X X
45 46 47 48 49 50 51 52 53 54
Harrison Florida Paspalum
X X X X X
Alamo switchgrass 55 56 57 58 59 60 61 62 63
Americus Indiangrass X X X X
64 65 66 67 68 69 70 71 72
Kaw Big Bluestem 
X X X X X
Tifton 9 bahiagrass 73 74 75 76 77 78 79 80
Tifton 85 bermudagrass X X X X X X X X
81 82 83 84 85 86 87 88 89
Eastern gamagrass 
X X
90 91 92 93 94 95 96
Figure 3.  Specific plot layout, with species or cover type status indicated by color, and 
shade status indicated by the presence (shaded) or absence (full-sun) of an “X” over the 
plot picture. The completely randomized design of the forage and shade application, and 
the six replications, are depicted in the figure.  The image is to-scale throughout, and each 




).  The alley-ways are either 2.66 m or 3.99 m (8 ft or 12 ft), 
and are also accurately represented in the figure. 
  
Objective three (light) was accomplished using a randomized design and analyzed 
with a Model I, One-Way ANOVA using SAS 9.3 for Windows (SAS Institute, Inc.).  
The factor was shade source and was fixed, and the three levels were full sun, loblolly 
pine, and the wood-lath structures designed for the study.  Tukey’s means separators tests 





Objective four (soil temperature and moisture) was accomplished using a 8x2 
factorial design, and data was analyzed with a Model I, Two-way ANOVA using SAS 
9.3 for Windows (SAS Institute, Inc.).  The two factors were fixed and included eight 
cover types (seven forages and a bare mineral) and two light treatments (full sun, 50% 
shade).  Tukey’s means separators tests were performed where significant differences 
occurred.   
Objective five (effect of shade and cover type on soil C and N and related 
properties) was accomplished using a 8x2 factorial design, and data was analyzed with a 
Model I, two-way ANOVA using SAS 9.3 for Windows (SAS Institute, Inc.).  The two 
factors were fixed and included eight cover types and two light treatments (full sun, 50% 
shade).  
For objective six (modeling), the data from above was incorporated into several 
regression equations in order to describe the relationships between the response variables 
and various input variables extracted from the data sets.  Additionally, other models were 
created that utilized the data collected to describe the relationships among the variables, 
and to determine the relative effects of the various components (i.e. CP, NDF, ADF) on 







The basic model that was fit is as follows: 
                                             Y = bo + b1*x …+ bn*x + ε 
Where Y = response variable (i.e. IVTD, TDN) 
           bo = intercept 
          b1-n = predictors (i.e. CP, NDF, ADF) 
           ε = error  
To initiate the modeling procedure, input variables were plotted against each 
response variable to assess linearity.  If non-linearity was observed, variables were 
transformed.  Stepwise regression was used to determine the significance of each variable 
to the model.   
While developing the IVTD model for warm season grasses, it was apparent that 
gamagrass did not exhibit the same relationships as other forages between inputs and 
predicted Ys.  As a result, a separate model was made in the same manner described 
above, but using only gamagrass samples.   
When a potential model was created, it was validated using a set of unrelated 
samples for all but gamagrass.  Gamagrass calibration samples were obtained from the 
2014 growing season, and validation samples were collected in the prior year in 2013 
from the same plots.  Other warm season grass samples were used in the mixed warm 
season equations, and were pulled randomly from a variety of sources including customer 
samples, and unrelated research samples.  A shortage of gamagrass samples restricted the 
validation set.   
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The relationship between IVTD and TDN was examined in order to develop an 
equation to allow conversion from IVTD to energy values such as net energy for 
maintenance, lactation, or growth, in Mcal lb
-1
 of forage.  The published equations used 
to convert TDN to energy values are: 
Digestible energy = Mcal DE lb
-1
 forage = (TDN* 2) / 100 
 




Net energy for lactation = Nel Mcal lb-1 forage = 0.50*( Mcal DE lb-1 forage) 
 
Net energy for maintenance = Nem Mcal lb-1 forage = 0.44*( Mcal DE lb-1 forage) 
 
Net energy for gain = Neg Mcal lb-1 forage = 0.19*( Mcal DE lb-1 forage). 
Soil 
Soil samples were collected from the research plots at the beginning of each 
season and mineral content analyzed in order to determine and define nutritional status of 
the soil, and for the purpose of fertilizer application. 
Three separate samples were arbitrarily taken from the north-east, south-west, and 
central portion of the entire research area.  Each of the three samples was comprised of at 
least six locations within the sectioned area, and was mixed thoroughly to produce a 
composite sample.  Samples were cored with a trowel to a depth of 15 cm and were tested 
at the Stephen F. Austin State University Soils, Plant, and Water Analysis Laboratory.  
Parameters analyzed included pH, NO3
-
, P, K, Ca, Mg, S, Fe, Mn, Zn, and Cu.  The 
Mehlich III extraction method was used for P determinations.    
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Other measurements conducted included soil temperature using a Thermo Digital 
Thermometer (≈ 7.5 cm depth), and gravimetric moisture content (105° C oven-dried to 
constant weight).   
At the end of the third growing season, differences due to forage and shade on the 
surface 15 cm of soil N%, C%, C:N ratio, and total organic matter in each plot were 
examined using  a LECO C and N Determinator, CN628 Series, Version 1.3X, Part # 
200-747 (LECO Corporation, 2014, St. Joseph, MI 49085).  Core samples were obtained 
with a trowel from the direct center of each plot sample area, to a depth of 15 cm.  
Samples were mixed, air-dried, and analyzed using the same LECO instrument described 
above.   
Light 
Light quality and quantity beneath full sun, loblolly pine, and the wood-lath 
structures were measured using a spectroradiometer (FieldSpec® HandHeld 
Spectroradiometer model FS HH 325-1075 by ASD, Inc. 2555 55th Street, Suite 100 
Boulder, CO 80301) with a Full Sky Irradiance Reverse Cosine Receptor (RCR) attached 
for data collection.  
At each individual measurement point, three manual replications were taken 
consecutively and averaged for the purposes of analyses; with each manual replication, 
the instrument automatically included five measurements that were also averaged, 
totaling 15 measurement points in quick succession.  Additionally, each individual 
measurement event included multiple full sun readings, dispersed across the time period, 
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in order to directly compare values from full-sun to shade source.  On two occasions, 
cloud cover was intermittent and measurements are denoted as “partly cloudy” in data 
sets.  These data sets are informative, but they did not provide the complete comparison 
necessary with all three light statuses represented.  On these occasions, measurements are 
reported; however, in order to optimize comparisons, measurements were repeated on a 
full sun day in March, using the full sun measurement for that specific day and time as 
the control.  All light measurements were obtained between 11:00 am and 2:00 pm at 
each collection. 
The spectroradiometer was manually held and braced, with leveling accomplished 
using the attached bubble level so that measurements beneath the structures could be 
taken at the approximate top of the canopy of each plot, in three locations.  The height at 
which each measurement was taken varied with the forage height from approximately 30 
– 50 cm (≈ 12-20 in) above the ground; however, the structures were similar in height 
above the light receptor for all measurements, so this was assumed not to be a factor.  For 
light acquisition under loblolly pine, the spectroradiometer was situated similarly to the 
height for all other measurements, where forage tops would presumably be. 
Since slatted shade structures were used, the light was intermittent in nature, 
making consecutive replicated measurements highly variable under the wood-lath strips.  
In order to account for this, the three light replications were conducted so that one was 
directly beneath the slat shade, one was beneath the sun-gap, and one was in the middle 
of the shade and sun interface, split visually on the receptor.  Care was taken to distribute 
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the measurements in three different locations within the middle sample area of the plot. 
Since measurements were positioned based on the height of the wood-lath structure 
above the receptor, attempts were made to harvest plots approximately 7-14 days before 
measurements were taken, depending on growth rates, so grass height would be within 
the 30 – 50 cm (≈ 12-20 in) range.   Harvesting prior to light data acquisition was 
important so that measurements were taken at a time when the buffer zone was 
approximately the same height as the middle sample layer.  The buffer zones tended to 
grow more quickly, taller, and thicker than the sample portion, potentially altering shade 
levels beyond that caused by the structure itself.   
Light data were collected with the spectroradiometer, using the software RS3 
(version 5.5) for Windows.  All measurements of photon flux were automatically 
collected in an arbitrary digital number (DN) format and were converted to quantum 
intensity (QI) (µmol m
-2 s
-1) using ViewSpec Pro 5.0.19 (ASD, Inc.). Data were sorted 
into quality ranges of light based on known photosynthetically active radiation 








Table 1.  Specific color delineation of total photosynthetically active radiation (PAR) and 
far red (FR) radiation for individual light bands measured in the field, with descriptions 
of the abbreviations.  Also included is the range of total irradiance used to calculate total 




Light band classification 
   400 - 499 blue (B) 
   500 - 599 green (G) 
   600 - 699 red (R) 
   700 - 799 far red (FR) 
   400 - 799 photosynthetically active radiation plus far red (PARFR) 
 
 
   325 - 1075 total irradiance (TI) 
 
Proportions of each wavelength contribution to each total PAR measurement were 
calculated using Microsoft Excel (1997 - 2003).  Total reductions in solar irradiance were 
calculated using TI (325 – 1075 nm) as the denominator. 
Forage 
Selections.  The forages selected for the study included ‘Tifton 9’ bahiagrass (Paspalum 
notatum), ‘Tifton 85’ bermudagrass (Cynodon dactylon), ‘Alamo’ switchgrass (Panicum 
virgatum), ‘Kaw’ Big Bluestem (Andropogon gerardii), ‘Americus’ Indiangrass 
(Sorghastrum nutans), ‘Harrison’ Florida Paspalum (Paspalum floridanum), and 
‘Nacogdoches’ Eastern gamagrass (Tripsacum dactyloides).  Since sample selections 
included five native grasses, individual plants for all forages were started in plugs in a 
greenhouse in order to bypass the establishment periods of two to three years common to 
native grasses.      
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The native grasses in the study include ‘Harrison’ Florida paspalum (2009 
harvest, of unknown purity and germination rate), ‘Alamo’ switchgrass (99.67% purity, 
58% germination rate), ‘Americus’ indiangrass (77.32% purity, 46% germination rate), 
‘Nacogdoches’ Eastern gamagrass (unknown purity and germination rate), and ‘Kaw’ big 
bluestem (unknown purity and germination rate).  The germination rate and purity for 
each forage type were not applicable in this study, and did not affect the research since 
seeds were germinated in trays, transplanted to plugs, and individually planted in the 
field, resulting in an even number of live plants.   
Propagation and establishment.  The mix used for the plugs consisted of a ratio 
of one bale (3.8 cu ft, 107 L) of Sunshine #1 Mix, SKU:501 (or Soi) 3.8 CFC, lot code 
E11 262, composed of 70-80% Canadian sphagnum peat moss, perlite, dolomitic 
limestone, and three bags of Sunshine Ready-Earth Professional growing mix, SKU 
02392747, lot code P110621, comprised of 50-60% Canadian sphagnum peat moss, 
horticulture grade vermiculite and dolomitic limestone.  The ratio matched that used by 
the ETPMC for typical plug propagation, and was also appropriate for the current study.  
Mixture was hand and trowel mixed in a wheel-barrow and moistened enough to 
eliminate dust and allow the mix to clump when lightly squeezed.   




) in a 
greenhouse in the week of July 2-6
th
, 2012 so that they could be transferred to plugs as 
they germinated.  Additionally, gamagrass requires cold stratification, so those flats were 
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placed in a 3°C (38°F) walk-in cooler for eight weeks until August 29
th
, 2012.  After cold 
stratification, the trays were moved to the greenhouse for germination. 
The naturalized Tifton 9 bahiagrass and Tifton 85 bermudagrass were also started 
in plugs, though flats were by-passed.  Bahiagrass is a seeded species with very high 
germination rates, making tray propagation unnecessary, and Tifton 85 bermudagrass is a 
hybrid that requires sprigging.  Tifton 9 bahiagrass was seeded directly into plugs, but 
Tifton 85 bermudagrass was sprigged.  Sprigs were collected in early morning (5:00 am 
through 8:00 am) in the second week of July, 2012 from SFASU plots, and immediately 
transported to the ETPMC in pails, kept moist with wet paper towels, and continuously 
shaded to keep cool.  Sprigs were planted directly into the plugs, immediately watered, 
and set in the greenhouse with the rest of the forages for the study.      
During the week of July 9
th
 – July 13
th
, 2012, big bluestem, switchgrass, and 
indiangrass were transplanted from flats to plugs.  During this same time period, Tifton 9 
bahiagrass was thinned down to three to 10 plants per plug, depending on vigor.  All 
plugs had one plant at the time of field transplanting, but were progressively reduced as 
vigor of the remaining plants, within the same plug, increased.   
During the week of July 16
th
 thru July 20
th
 2012, half of the Tifton 85 
bermudagrass plugs began to fail, which surpassed the “extra” 25% originally calculated 
for establishment.  In order to correct this problem, new growth from the healthy plugs 
was used to propagate new plugs.  The “healthy” plugs were very strong at this point, and 
were able to withstand donation.  During the same time period, the switchgrass plugs 
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were thinned to approximately three plants per plug depending on vigor, and the Tifton 9 
bahiagrass was further reduced to one – two plants per plug.   
Between July 23rd – 27
th
 2012, the only other adjustment made was to rotate the 
indiangrass plug trays due to some variation in the micro-environment that was causing 
slight, but visible differences in plant growth.  No other plug trays exhibited these signs, 
but were also rotated to ensure uniformity.  In the same week, the soybean cover crop 
maintained on the plot site prior to establishment of the study was terminated using 2-4-D 
(chlorophenoxy herbicide), and the plot area was subsequently lightly disked.  Individual 
plots were measured and marked with tape and flags, and amended with P, K, lime, and 
micronutrients.  All establishment year amendments (Table 1) were hand raked in, and 
were measured and applied based on soil test levels and subsequent recommendations.  
The alley-way areas between plots were not fertilized or amended, and buffer zones were 





) plots except for the micronutrients which were weighed and applied for a 




).  Bare soil plots were treated exactly the same as vegetated 







Table 2.  The rates of field soil amendments used for the study in the establishment year,  
with source, analysis, and material, as well as the application rates and timing.  The rates 
applied (Amendment Rates), are listed in the Amendment column, except lime, which 
was adjusted for ECCE.  N is based on the elemental N rate, and the P2O5 and K2O rates 
are based on the oxide form indicated, with elemental rates provided in parentheses.  
Rates for the micronutrients are based on the percent composition of that nutrient in the 
fertilizer material.  For micronutrients, the incidental N and K source is indicated in 
parentheses, and the elemental rates are provided in the Amendment Rate column. 
 
Amendment Source or Analysis  Amendment Rate 
Garden lime (dolomitic) *ECCE             2.50 Mg ha
-1
 
N (initial transplants)  32-0-10           47.40 kg ha
-1
 
N (completion of transplants)  32-0-10           60.00 kg ha
-1
 
P2O5   0-46-0 
 
          71.30 (31.4) kg ha
-1
 
K2O   0-0-60           80.20 (66.6) kg ha
-1
 
   
Micronutrients (Ironite) (%)         488.3 kg ha
-1
 
   N (Urea)   1.00                  **2.25 
4. 
   K (Potash)   1.00                ***4.05 
   Ca 12.00  58.60 
   S 10.00  48.83 
   B   0.02    0.10 
   Fe   4.50  21.97 
   Mn   0.10    0.49 
   Mo             < 0.01                   < 0.01 
   Zn   0.10    0.49 
*     ECCE is the effective calcium carbonate equivalent, with 100% CaCO3 as standard. 
**   2.25 kg ha
-1
 N were applied with Ironite bringing the total to 112.8 kg ha
-1
 in 2013. 
*** 14.8 kg ha
-1
 elemental K were applied with the 32-0-10, and 4.05 kg ha
-1
 K with the 
Ironite, bringing the total to 85.45 kg ha
-1 
of elemental K in year one (2013).  
2014 and 2015 included only the 32-0-10 and 0-0-60, but no additional Ironite.  




During August 2012, plugs in the greenhouse were monitored for transplant 
readiness, and were fertilized with liquid Miracle Grow, 12-4-8,  (Scott’s Miracle Grow 
Products, INC.; product #1001502, material LB3361) using one-third of a capful per two 
gallons of water.  Due to extreme heat and questionable readiness of plugs for transplant, 
field planting was postponed until cooler temperatures occurred.  This also allowed for 
increased germination of the gamagrass, which was lagging behind considerably despite 
cold stratification.  All other plugs were eventually reduced to one plant per plug, and 
field plots were periodically manually weeded.  No herbicides were used within any of 
the plot areas, or in the alley ways, except for the individual plot perimeters described 
above.   
On September 21
st
, 2012, several plug trays of switchgrass, indiangrass, and 
Florida paspalum were transferred into an adjacent shade house and were hardened off 
for at least one week with minimal irrigation.  After a minimum of one week in the shade 
house, plugs were transplanted to the field using a dibble bar or trowel.   
Forage plugs in all plots except for gamagrass and Tifton 85 bermudagrass were 
individually planted in four rows of 12 plugs within each plot, three per linear foot.  The 
total number of plugs in each complete plot was 48.  Three plugs per linear foot is 
approximately three times the rate of native grasses which tend to occupy 0.33 m
2
 (≈ 1 
ft
2
) each in a natural setting. 
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Planting of switchgrass, indiangrass, and Florida paspalum began September 29
th 
and was completed by October 5
th
, 2012.  At the time of field transplant, each plot was 
watered and plant tops were trimmed to reduce excessive transpiration stress. 
Also at this time, bluestem and Tifton 9 were transferred to the shade house.  All 
Tifton 85 bermudagrass plugs were healthy, and were trimmed to reduce excessive top 
growth.  They were left for one more week in the greenhouse. 
On October 12
th
, bluestem and Tifton 9 bahiagrass were transplanted to the field, 
and Tifton 85 bermudagrass was transferred to the shade house.  A week later, the Tifton 
85 bermudagrass plugs were retrieved from the shade house for field transplant.  
Approximately one-third of the Tifton 85 plugs died during the hardening-off period.  
The decision was made to evenly distribute the other healthy (robust) plugs among the 
plots, in the buffer zone and the sample areas, and to fill in the missing spaces with fresh 
sprigs from the healthy plants.  The intent was to continuously spread sprigs into missing 
places in the plots for Tifton 85 bermudagrass in order to avoid further delays.  All fresh 
plugs were hand watered, though prior transplants in other plots were not watered again.  
Minimal water was used on fresh plugs to reduce chances of adjacent plot contamination 
due to sub-surface lateral flow.  At no other time throughout the study were any plots 
irrigated.   Fresh transplants for Tifton 85 were completed on October 26
th
, 2012. 
The gamagrass germination was extremely low in this study.  Cold stratification 
helped rates in the flats, but eventually, only approximately 300 plants were achieved (a 
minimum of 576 plants was needed to achieve the plot design).  A simultaneous 
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germination study on the same seed source was being conducted with the same 
treatments to this point, and in the same greenhouse.  Plants from that study were 
obtained to achieve the minimum required plants per plot.  The donated flats were more 
mature, and as a result were root-bound, causing the layout in the plots of the gamagrass 
to be different from that of other plots.  All attempts were made to separate and distribute 
plants equally.  As a result of the extreme difficulty in obtaining adequate plugs for the 
study for gamagrass, it was established later, and thus fertilized with 32-0-10, and 
watered later than other plots. Lime, P, a majority of the K, and all micronutrients, 
however, were applied at the same time as the other plots. 
Warm-season volunteer grasses were allowed to fill in the areas, and Round-Up 
(glyphosate) was applied, as needed, around each plot in a 0.33 m (≈ 1 ft) swath to 
prevent weed encroachment into plots, and to prevent bahiagrass from spreading into 
alleys.  Tifton 85 bermudagrass was maintained by clipping and manually removing 
runners that developed throughout the study.   
Forage management.  In preparation for the first growing season (2013), plots 
were checked regularly throughout the winter, and lightly hand weeded when necessary.  
Total N, and a portion of associated K, were split into three applications.  The first 
application was at spring green-up in mid-March, and included 28.7 g of Scott’s Turf 
Builder (32-0-10) for a rate of 47.4 kg ha
-1
 N and 14.8 kg ha
-1 
K (53.1 lbs ac 
-1
 N; 16.6 lbs 
ac 
-1
 K).  Other amendments applied included 71.3 kg ha
-1 
of super triple phosphate that 
supplied 31.4 kg ha
-1 
of elemental P, and 80.2 kg ha
-1





elemental K.  Inventory of living and dead plants in the field was conducted, and all dead 
plugs were replaced with extra plugs from the greenhouse.  
Plant mortality was small, or not observed for most species, including only two 
bluestem plugs, both from buffer zones.  However, the Tifton 85 bermudagrass plugs 
showed high losses of approximately a third to one-half of the sample zone plugs.  In 
order to remediate this, sprigs from very healthy donor plots in this study were collected 
and transplanted directly into missing spots, starting in early March.  Unusually high 
rainfall contributed to the viability of this operation, and soil moisture was frequently at 
field capacity in the top 15 cm of the soil.  Field capacity status of the surface soil was 




as determined by triplicated pressure plate analysis  
(AWC available water capacity  = 130 g HOH kg soil
-1
field capacity  - 70 g HOH kg soil
-1
wilting coefficient  
= 60 g HOH kg soil
-1
).  Tifton 85 bermudagrass plots were regularly checked and 
transplanted as needed, and all plots were complete by June 1
st
.  The second fertilization 
occurred approximately one week after the Tifton 85 bermudagrass was complete.  As 
before, 28.7 g of Scott’s Turf Builder (32-0-10) were applied.  The final fertilization 
event of season 1 occurred in the second week of August and supplied another 47.4 kg 
ha
-1
 N and 14.8 ha
-1 
K.  In subsequent years, fertilizer was applied, again, in three 
applications, based on soil test results.  Results were similar for N, P, and K each year, 
thus fertilizer requirements were as well.  Exceptions were the lime and micronutrients, 
which were only applied initially. 
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) of each treatment 
plot were considered the sample plot.  Forage was clipped to the appropriate height for 
each type, and bagged for analyses.  All plots were harvested when heights reached at 
least 60 cm (2 ft), and cut to a minimum height of 25 cm (10 in) for native grasses, and 
10 cm (4 in) for introduced grasses, to simulate intensive grazing.  In some cases, 
maximum heights were extended because fewer than half of the blades within the sample 
zone were at height.  When this occurred, several blades were taller than the maximum 
set height.  The outside 0.33 m (≈ 1 ft) perimeter zone of each treatment plot was a buffer 
zone that was clipped at the same time and was discarded outside of the treatment plot 
area.  
Plant heights were recorded in the establishment year, part of season 2, and part of 
season 3.  However, since plants were cut when a minimum height was achieved, plant 
heights measured after the establishment year were typically homogeneous within the 
sample area and among the plots, regardless of shade status.  Where variation in heights 
was observed, additional measurements were taken;  in homogeneous cases, the heights 
were recorded and are reported, but were not analyzed for differences.   
Harvested samples were weighed and dried to constant weight at 60°C in a 
forced-draft oven.  The dry weight was used to calculate DMY per plot in g, which was 
converted to Mg ha
-1
.  Dried samples were ground to pass a 1 mm sieve using a Wiley 
mill (Thomas-Wiley Laboratory, Thomas Scientific).  Analyses were conducted for dry 
matter yield (DMY), crude protein (CP), neutral detergent fiber (NDF), acid detergent 
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fiber (ADF), in vitro true digestibility (IVTD) (NIRS only), and chemical nutrient 
composition. Total digestible nutrients (TDN), assumed to be the best estimate of the 
available (digestible) nutrients in a forage sample, was calculated from CP, NDF, and 
ADF, and was determined for each sample using the following equation from University 
of Arkansas Cooperative Extension Service: 
TDN (Arkansas) = 111.8 + (0.95 * CP) – (0.70 * NDF) – (0.36 *ADF). 
Additionally, during the course of this research, a revised TDN prediction 
equation was developed using the samples from this study, and validated on an 
assortment of random samples from the lab, submitted by customers for analysis. This 
new equation appears to be more suitable for some TDN predictions, especially for 
Gamagrass.  The development of the revised TDN equation was a result of the 
development of an IVTD prediction equation, based on the same basic wet chemistry 
values. The individual equations (1, 2a, and 2b) created are:  
[Equation 1]     
 
TDNi  =  (0.85)Xi 
where:     
   
X1i = IVTDcalculated (see appropriate Equation, a or b, below) 
 
     i = i
th










Forage chemical analyses.  Chemical analyses were conducted at Stephen F. 
Austin State University Soil, Plant, and Water Analysis Laboratory in Nacogdoches, 
Texas.  Methods for analyses included: dry matter fraction (105°C oven dry method to 
constant weight), crude protein (CP) as determined by a VarioMACRO Elemental 
Analyzer (N% x 6.25), mineral concentration as determined by nitric acid digestion and 
ICP analysis, in vitro true digestibility (IVTD) via near infrared reflectance spectroscopy 
(NIRS), and neutral detergent fiber (NDF) and acid detergent fiber (ADF) content using 
Van Soest’s detergent method.  Some samples were analyzed using near infrared 
reflectance spectroscopy (NIRS), and the NIRS calibrations used were created within the 
     [Equation 2a]  
 
IVTDa. (WSG, no gama)  =  54.28 + (16.24 X1i) + (- 0.1333 X2i) + (- 0.5837 X3i) 
 
             where:     
                     WSG = other warm season grasses except Gamagrass 
X1i = lnCP 
X2i = NDF 
X3i = ADF 
and,  
 
      [Equation 2b]  
 
IVTDb. (gamagrass)  =  52.60+ (20.04 X1i) + (- 0.7397 X2i) 
 
             where:     
b0 = intercept 
X1i = lnCP 
X2i = NDF 
i = i
th







laboratory (Hill, 2009), based on the chemical assays above.  The equation is currently 
frequently used for forage testing at the Stephen F. Austin State University Laboratory on 
standard forage samples submitted for analyses.  
Elemental analyses of forage for P, K, Ca, Mg, S, Fe, Mn, and Zn were conducted 
using an inductively coupled plasma (ICP) elemental analyzer, and these samples were 
prepared by nitric acid digestion.  
Weather data acquisition 
Weather data, including daily precipitation and daily high and low temperatures 
for the area, were acquired from collections obtained online, from records generated via 














Results and Discussion 
Soil  
Optimal soil temperature (31°C) for root growth was exceeded throughout the 
study, but shade treatment significantly reduced (p < 0.0001) soil temperature by over 2.0 
°C on average.  Initially, two-way ANOVA was used to analyze the data, and results 
indicated that, although shade affected temperature in almost every cover type, cover type 
did not (p = 0.0716). 
Analyses of pairwise comparisons within forage types, using paired T-test, 
indicated that significant reductions in soil temperature due to shade occurred in all plot 





Type n Sunny Shaded Reduction  P T ≤ t  
  ---------------------------(° C)----------------------------  
BARE 22 35.28 32.13 3.16 0.0029 
BLUS 24 35.68 33.00 2.68 0.0006 
TI85 9 36.47 34.18 2.29 0.4885 
SWIT 24 35.09 32.96 2.12 0.0028 
GAMA 24 33.39 31.37 2.02 0.0002 
INDY 24 35.06 33.67 1.40 0.0001 
TIF9 24 33.87 32.48 1.39 0.0005 
PASP 24 33.86 32.49 1.37 0.0602 
All covers 175 34.84 32.78 2.05  < 0.0001 
Table 3.  Cover type and shade structure effects on soil temperature in the upper 15 
cm are summarized, with degrees of reduction in C listed alongside the associated 
probability value for T, for each pairwise comparison of sunny versus shaded plots   




In plots that were more sparsely vegetated, including the BARE plots, the 





























Soil moisture was affected by shade cover (p = 0.0129), but not by cover type     
(p = 0.2249).  Mean soil moisture levels in the upper 15 cm (g kg
-1
) of all cover types in 




Figure 4.  Mean soil temperature (˚C) in the upper 15 cm, for each cover type, 
in full sun and under 50% shade.  Data consist of multiple measurement 
events including June, July, and August, in morning (10:00 am), midday 




Table 4.  Cover type and shade structure effects on soil moisture with the associated 
difference in means in g kg
-1
 alongside the probability value for paired T, for each 
pairwise comparison of sunny versus shaded plots (50% shade).  Bolded values indicate 
significant difference. 
 
Cover Type n Sunny Shaded Change P T ≤ t 
  ---------------------------(g kg
-1
)---------------------------  
BARE   26 30.72 55.86 25.13 0.0305 
BLUS 28 33.06 40.76   7.70 0.1825 
INDY 28 31.33 48.85 17.52 0.0490 
GAMA 26 48.49 36.38 -12.11 0.2316 
PASP 30 53.42 52.70 - 0.72 0.8964 
SWIT 30 42.71 41.99 - 0.72 0.9505 
TI85 10 16.10 31.58 15.48 0.5194 
TIF9 28 54.34 53.13  -1.22 0.9003 
All covers 206 36.68 46.53   9.85 0.0129 
 
In most cover types, the presence of the shade structures had no effect on this 
parameter; however, mean soil moisture was higher in BARE (p = 0.0305) and INDY   (p 
= 0.0490) plots.   
The control plots for soil analyses (BARE) consisted of bare mineral soil with no 
planted vegetation.  Weeds were present in these plots, but were controlled with the use 
of Round-Up or mechanical removal.  In cases where weeds were thought to affect the 
results, measurements were omitted from the data set; however, this was rare, but are 
indicated in the degrees of freedom for that analysis.  
The most notable sample omissions were from the TI85 plots.  Since many of 
these plots exhibited poor establishment, growth, and production throughout the study, it 
was determined that conditions in those plots frequently did not accurately represent 
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characteristics of TI85.  These plots were omitted, and as a result, there were fewer 
observations in those plots.   
It was thought that plant morphology would play a role in surface soil conditions.  
Despite the visually large differences in shading due to forage type noted in the field, 
there were no differences in soil temperature or moisture.  Forage morphology varied 
greatly among the species in this study, and was determined based on visual assessment, 
and by the calculated density of ground coverage (g DM cm
-2
).  Visual assessment 
accounted for leaf width and overall forage density, upright or more lateral tendencies of 
vegetation stance, and the presence or absence of thatch or rhizomes that provided 
additional ground cover.  The BARE plots presumably exhibited the most extreme 
conditions that would be encountered by sparser (more upright, thinner leaves) vegetation 
such as INDY and BLUS, and alternatively, the GAMA, TIF9, and PASP grasses 
exhibited the heaviest shading due to plant foliage.  TI85 should not have been as sparse 
as it was in this study, but because of the inadequate production of this forage type 
throughout the study in both sun and shade, its effects on soil temperature behaved in the 
same manner as the above listed sparser plots.  TIF9 was densely vegetated in both sun 
and shade, and exhibited thick rhizomes and a progressively thicker thatch layer that 
further moderated surface soil temperatures.  Although individual leaves were not wide 
relative to other species in this study, they were densely distributed, essentially having 
the same effect as the fewer, but wider, thicker leaves observed in PASP.  SWIT had 
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similar characteristics to TIF9 in terms of leaf concentrations and the development of a 
thatch layer, but TIF9 had a greater thatch layer than SWIT.  
Surface soil (15 cm) moisture was extremely low throughout the study, excluding 
during periods of excessive rainfall.  During these periods, it was assumed that the shade 
structures had little to no effect on soil parameters, and thus, measurements were not 
conducted during these times.  Samples were collected from the upper 15 cm, so only 
represented near surface conditions, rather than characteristics within the entire root zone.  
Increased soil moisture is a result of reduced evaporation from soil surfaces, and possibly 
reduced transpiration rates of shaded forage.  In the BARE plots, effects are solely 
attributed to evaporation; because of the greater rooting depths of the grasses in this study 
relative to surface soils, it is likely that evaporation from soil surfaces more heavily 
influenced results in the vegetated plots, also.  The combined effects of shade structures 
and the specific morphology of the forage plant are responsible for the variable effects of 
shade structures on soil surface evaporation; heavier shading by some forages reduced the 
apparent effects of shading by the structures.  Soils that were sparsely or not vegetated 
exhibited a greater response to shading than those that were already moderated by forage.   
  Soil temperature and moisture both affect the rates of soil chemical and microbial-
driven reactions.  On a regional scale, local soils exist in a warm, humid environment 
which increases the rates of these reactions, thus decreasing typical soil organic matter 
levels.  Despite a long growing season that contributes to plant material inputs, the rates 
of decomposition largely offset the greater rates organic matter deposition.  For every  
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10° C rise in temperature, rates of chemical reactions in the soil approximately double.  
This study indicates that partial shade and proper forage species selection can alter 
surface microclimates in a favorable way that may enhance the environment for soil 
microbes, and potentially, soil organic matter accumulation over time.  This would be a 
positive result of incorporating silvopasture into common practices, as an economical 
way to sustainably increase soil organic matter levels, and hence soil health, on a larger 
scale.  Soil C (energy) is a major limiting factor affecting microbial populations, and this 
study showed improved conditions for potential soil organic matter accrual under partial 
shade.  Additionally, forested areas generally have a greater diversity of microorganisms, 
but grasslands typically have greater numbers of total organisms in the soil; silvopasture 
incorporates both of these benefits into the system, and further research needs to focus on 
the specific improvements and alterations in soil quality factors due to land use 
conversion from conventional forage and hay systems to silvopasture.   
Temperature ranges for efficient microbial function and plant growth range from 
approximately 20 – 40 °C (Brady and Weil, 1999).  Although prolonged extreme 
conditions can temporarily suppress microbial function in soils, intermittent events will 
not always kill bacteria (Brady and Weil, 1999).  The soil temperature in the plots in this 
study frequently exceeded optimal levels, and sometimes reached over 50° C.  Based on 
the daily high temperatures throughout the course of this study, it is likely that soil 



































Figure 5.  Mean soil moisture (g kg-1) in the upper 15 cm, for each cover type, in full 
sun and under 50% shade.  Data consist of multiple measurement events including 
June, July, and August, in morning  (10:00 am), midday (12:00 pm), and afternoon 
(2:00 pm) 
 
Figure 6.  Mean daily high atmospheric temperatures (˚C), in each month, for each year 




The effects of high temperatures also extend to plant tops, with increasing 
temperatures resulting in greater stress on plants (Ball and Hoveland, 1991).  Stress to 
plants is the result of the combined effects of reduced water for maintaining leaf turgor, 
and greater solar radiation that increases transpiration rates to levels greater than roots 
can support.  Rates of transpiration increase to the point at which the stomata close to 
conserve water.  When this happens, available photosynthates for carbohydrate 
production decrease, which reduces the production and development of fine roots.  This 
has the effect of limiting the plants ability to extend root structures into areas of greater 
moisture and nutrient supply, thus reducing overall production (Ares et al., 2003).  The 
reduction of root growth reduces plant ability to provide additional water and nutrients to 
above ground structures, thus weakening the forage stand and lengthening the recovery 
periods between grazing events.   
Forages under temperature or moisture stress should be managed differently to 
reduce these effects.  Modifications include increased residual heights after defoliation 
events (grazing, haying), and reduced N fertilization.  Soil moisture and temperature have 
been shown to control up to 95% of leaf turgor in the short-term, and since leaf turgor 
directly affects CO2 acquisition, the environmental effects of shade on soil temperature 
and moisture are an important improvement.  As demonstrated in Figure 7, weather is 
unpredictable, and frequently displays considerable variation from mean values.  In the 
course of this three year study, relatively normal precipitation events occurred in years 
one and two, but above–average amounts and frequency of rainfall predominated early in 
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year three, followed by periods of low rainfall beginning in July.  Not only does 
precipitation affect growth and production of forage plants, it also affects risk of fungal 
diseases, and fertilizer efficiency. 
Despite the positive benefits of shade, negative effects are also possible.  Shaded 
leaves of C4 plants, such as the grasses in this study, are able to withstand greater 
temperatures than C3 plants.  This means that more extreme environmental conditions are 
necessary before the detrimental effects of excessive temperatures and irradiance on plant 
production would occur.  Shade can increase the risk of fungal diseases by increasing 
microclimatic, atmospheric moisture.  Lower temperatures and wind speeds increase 
localized humidity levels, thus improving the environment for fungal diseases.  In 
addition, shaded leaves have lower fibrous fractions (NDF, ADF), which, although it 
improves the quality of the forage as a feed for livestock, increases the susceptibility of 
the plant to fungal infection.  Selection of appropriate forage species and varieties, along 






The effects of soil moisture and temperature on soil microbial activity have a  
direct effect on fertilizer efficiency (Brady and Weil, 1999).  Moisture levels too high or 
too low will slow the enzymatic, oxidation reaction (nitrification) of ammonia into nitrite 
and nitrate (Brady and Weil, 1999).  Optimum soil moisture for nitrification occurs when 
slightly more than half of the pore space is occupied by water, which is the same level 
that is considered optimal for plant growth.  Moisture levels near the wilting coefficient 
will greatly reduce nitrification, as will intermittent saturated conditions, where reactions 
are dominated by facultative anaerobic bacteria that are responsible for the reduction 
reaction of denitrification.  Soil temperature is most favorable for nitrification at 20 - 30° 
C and begins to decline above 35° C.  At 50° C, nitrification ceases (Brady and Weil, 
1999).   
Figure 7.  Total precipitation (mm) for each month, for each year, throughout 




Temperature and moisture measurements in this study frequently indicated 
unfavorable conditions for soil microbes, including excessive soil temperatures and low 
moisture.  Shaded plots had somewhat improved conditions, which suggest greater 
microbial function could be achieved under shade when compared to open conventional 
pastures where solar irradiance and subsequent temperature and moisture extremes are 
greater; however, this study did not include trees, so failed to account for higher 
transpiration rates, especially of conifers.  The BARE mineral plots compared to the 
herbaceous plots allowed a comparison of herbaceous cover to no herbaceous cover.  In 
the forage covered plots, there were very few occurrences of a moisture increase due to 
the shade covers, and the BARE plots were one of the two.  In a functioning silvopasture, 
the presence of trees providing shade, as opposed to shade structures, would reduce soil 
moisture.  The amount of water transpired by trees, especially conifers, is greater than the 
moisture conserved due to reduced evaporation by shade (Brooks et al., 1993).  The 
results, therefore, apply only in limited scope to what would occur in a functioning 
silvopasture, and no extrapolations to those conditions should be made for soil moisture 
estimates.  
Surface temperature can be considered an indicator of cattle comfort in the 
system. Since lower temperatures in the upper 15 cm of the soil were observed under 
shade, it is expected that the reduction in solar irradiance responsible for decreased soil 
temperatures would also apply to the grazing animals under 50% shade.  Forage cover 
type differences were apparent only within the immediate vicinity of the soil surface, and 
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are not expected to extend to cattle comfort.  Because of this, forage type was not 
considered for cattle comfort.  As cattle graze, they will seek areas of shade, when 
possible, even if that area is lacking in forage (Bartoleme et al., 2011; Karki and 
Goodman, 2010).  Studies have demonstrated losses in average daily gains (ADG) of 
cattle in high stress environments including high heat (Finch, 1986), for various reasons, 
including reduced forage intake as cattle seek shaded areas in the hottest part of days, and 
increased energy expenditures as cattle attempt to cool themselves.  Cattle in a 
silvopasture experience moderated microclimates that may enhance gains and production 
by providing more favorable conditions for forage intake (Finch, 1986).   
In this study, unvegetated (BARE) plots were included in temperature and 
moisture measurements, so these data presumably reflect the influence of partial shade on 
solar irradiance and evaporation (Figure 8).  In a functioning silvopasture, the high rates 







When the relationship between soil temperature and moisture was examined, 
regardless of time of day, a somewhat weak correlation existed (R
2
 = 0.5373); however, 
when the measurement events were divided into morning, midday, and afternoon events, 
it was apparent that only the midday events exhibited any correlation (R
2
 = 0.4557) 
(Figure 9).  This was expected, since there is a lag time between solar irradiance and 
subsequent increasing soil temperatures, and evapotranspiration rates affecting soil 
moisture.  At midday, plants are transpiring in unison with water uptake, driven by solar 
irradiance, which was represented by surface soil temperatures in this study.  Later in the 
day, as solar irradiance has been high for hours, surface soil moisture was depleted 
Figure 8.  The relationship between soil moisture and temperature in the upper 15 cm 
of the soil.  Data consist of multiple measurement events including June, July, and 
August, in morning (10:00 am), midday (12:00 pm), and afternoon (2:00 pm). 
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primarily by evapotranspiration, to a level where it no longer coincided with changes in 
soil temperature.  
y = -0.2245x + 15.84
R² = 0.0196


































Soil temperature was strongly and positively correlated to time of day               
(R
2
 = 0.8009), with increasing temperatures explained, in part, by cumulative solar 
exposure from morning to afternoon measurements (Figure 10).  Additionally, surface 
soil moisture that aided in evaporative cooling during earlier parts of the day was 
depleted by early afternoon, further increasing the rise in soil temperature.  It is apparent 
that 11:30 am is the approximate threshold at which soil temperatures become “extreme” 
reaching 40˚C.  In August, between 12:00 and 2:15 pm, temperatures in the soil were 
Figure 9.  The relationships between soil moisture and temperature in the upper 15 
cm of the soil, at various times of day, including morning (10:00 am), midday 
(12:00 pm), and afternoon (2:00 pm).  Data consist of multiple measurement events 
including June, July, and August.   
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above 50˚C.  Prolonged temperatures at these levels reduce forage quality and 





The effects of the shade structures on solar irradiance, and the effect of vegetative 
cover on soil temperature and moisture, are somewhat visible in the trend lines of 
temperature and moisture related to date of collection (Figure 11, A and B).   
The potential moderations are a result of two things.  First, the shade structures 
slowed the rate of warming by physically blocking solar irradiance, and secondly, 
vegetation affected soil measurements by providing additional shade and canopy cover 
near the surface where measurements were obtained. 
Figure 10.  Mean soil temperature (˚C) in the upper 15 cm regardless of cover type or 
shade status, at various times of day.  Data consist of multiple measurement events 




In a silvopasture where trees are present, surface conditions will be modified 
compared to a conventional open pasture.  Temperatures will be lower due to less 
incoming solar radiation, and humidity beneath the tree canopy will typically be higher.  
This is partially a result of lower temperatures, combined with transpiration by 
understory plants that contributes to localized atmospheric moisture, but is more directly 
due to lower wind speeds that reduce the dissipation of higher humidity conditions.  This 
could increase the chance for fungal diseases, especially in WSGs that become more 
succulent and vulnerable to infection under shade.  Despite the higher humidity, soil 
moisture will be lower when trees are present because of high rates of transpiration, 
especially by conifers (Brooks et al., 1993).  Species and varietal selections should 
include considerations for this, and focus on more resilient forages or varieties that have 
shown greater resistance to disease and to water competition.  In this study, fungal 
diseases were not typically observed, but after prolonged precipitation, some instances of 
rust were noted.  These were not excessive and did not appear to affect the overall yields 
or quality of forages from those plots.  Specifically, the species that exhibited rust 
symptoms included INDY, GAMA, and SWIT, but symptoms were light and not 
problematic.  Shade did not seem to affect the incidence of infection.   
This study indicated that shade affects surface soil temperature.  Moderated 
microclimates have the dual effect of improving cattle comfort and microbial 
environments, while increasing the chances of soil organic matter accrual over time.  The 
shade structures in this study probably did not necessarily exhibit the same higher 
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magnitudes of changes expected in a silvopasture where tree shade is present.  In that 
environment, soil moisture beneath the canopy would be lower because of the high rates 
of transpiration that occur by trees.  This study did not account for those differences.  
However, temperature reductions would possibly be greater due to greater side shading 
by trees, which would likely reduce temperatures even more than what was observed in 
the plots under the shade structures.   
Despite low magnitudes of the responses, statistical probabilities for temperature 
reduction due to shade were strong, suggesting that shade can directly alter the 
microclimate, usually in a positive way.  The only negative effects would be potentially 
increased fungal disease risk which might be partially controlled by pruning lower limbs 
to increase air movement, and by selecting grasses that are more resistant to infection.  
Since shade alters plant physiology and morphology, it would be prudent to study how 












Sun y = 0.0028x2 - 0.1864x + 34.243
R² = 0.6122
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Shade y = 113.83e -0.027x
R² = 0.6269























































































































































Figure 11 a and b.  Mean temperature (˚C) (a) and moisture (g kg
-1
) (b) in the 
upper 15 cm of the soil, in full sun and under 50% shade.  Data consist of 
multiple measurement events including June, July, and August, in morning 




Soil C, Organic Matter, Nitrogen, and C:N Ratio.  Additional analyses were 
conducted on final concentrations of soil C, organic matter (SOM), N, and the C:N ratio 
to determine the changes that occurred due to forage type and shade over the course of 
the three year study.  SOM is estimated as C*2, and thus follows the same relationship as 






























Figure 12.  Total soil organic matter (SOM), by year, in the top 15 cm of soil, 





Year vs. Year Mean 1 Mean 2 Difference                p T≤ t 
1 vs 2 19.21 22.62 n/a 0.1769 
1 vs 3 19.21 22.77 n/a 0.1887 
2 vs 3 22.62 22.77 n/a 0.8916 
 
 
The percent total N in the soil was not affected by shade or forage type                
(p = 0.7142).  Furthermore, there were no differences in the C:N due to shade or forage 
type  (p = 0.0619), but there was a possibility for there to be an interaction (p = 0.0521).  
Regardless, there is very little chance of any biological effects because of the overall low 
changes in quantity (Table 6). 
 
 




1 19.21   9.61 1.59 6.02 
2 22.62 11.31 1.61 7.02 
3 22.77 11.37 1.69 6.72 
Mean 21.54 10.76 1.63 6.58 
 
Table 5.  Pairwise comparisons of mean soil organic matter (SOM) content (g kg
-1
) for 
each individual year, and for all years combined (2013, 2014, 2015).   
Table 6.  Mean soil content (g kg
-1
) of soil organic matter, carbon, nitrogen, and carbon 
to nitrogen ratio (SOM, C. N, and C:N, respectively) for each individual year, and for all 
years combined.   
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Increased solar radiation allowed increased production of dry matter in sunny 
plots over the last three years.  However, significantly lower temperatures in shaded plots 
could possibly slow the decomposition rates to allow an increase in the soil C levels.  
Since regional soils are typically low in organic matter, any system that maintains or 
improves OM content would be an improvement toward soil health and sustainable 
productivity.  Having the additional organic matter input of trees in a silvopasture when 
compared to this study would most likely increase organic matter accumulations beyond 
the levels reached under the shade structures in this study     
 This study indicates that the potential exists for increasing soil organic matter 
over time, in systems that moderate soil conditions with either forage cover or shade, 
while simultaneously adding OM and slowing decomposition rates.  These factors would 
lead to an accumulation, over time, of soil C that would provide energy for soil microbes 
responsible for mineralization and nutrient cycling.  Improved microbial conditions 
would increase overall soil health and productivity. 
Light 
Total Intensity (TI).  Mean TI for full sun readings on sunny days in July and 




, respectively.  Mean reductions (%) in TI by 
the shade structures in July and March on sunny days were 46.6 and 47.3 respectively.  
Overall mean reduction by the shade structures was 47.1 %, allowing 52.9 % of the solar 
radiation to reach the understory (Figure 13).  Mean reduction (%) in TI beneath loblolly 
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pine varied at each event and was 87.0, 89.0, and 88.9 % in July (cloudy), July (sunny), 






















     
 
53 % of the incoming solar radiation was allowed to reach the understory, which 
is slightly higher than the targeted 50%.  This is likely due to light scatter by vegetation 
beneath the structures, and bending after contacting the intermittent slats.  Differences 
existing within loblolly measurements were a direct result of atmospheric conditions or to 
variation in canopy density, and no attempts were made to match canopy density beyond 
visual assessments. 
Atmospheric conditions such as increased humidity, clouds, or fog (moisture) can 
scatter or absorb light before it reaches ground vegetation.  Further scatter and absorption 
occur when light reaches pine needles, and when it strikes compounds within leaves such 
Figure 13.  Mean reduction in total irradiance (TI) by the shade structures, or 
slats, used in the study.   
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as starch, that also increase the available surface area off of which light can scatter 
(Carter and Knapp, 2001).  The amount of scatter is inversely and linearly correlated to 
the size of surface areas, and some of this light is also available for absorption by 
adjacent exposed vegetation.  Under the shade structures it is possible that the larger, 
broader slats reflected more light away than pine needles that would allow more scatter; 
however, the absence of needles also means there is less interception in the form of 
absorption.  This would theoretically increase available light to the forage understory 
under the  structures compared to under loblolly pine.  
Ultimately, when cloudy and sunny moments were compared in this study, cloudy 
moments showed quantum intensities near levels of those under loblolly pine, suggesting 
that atmospheric conditions play a heavy role in light availability (Figure 14).   
 
Figure 14.  Differences in total intensity (TI) due to cloud cover and to loblolly pine 
on a cloudy day in July.  Note that the units are in an arbitrary format (DN)/10 
million, and should only be used for comparative purposes. 
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When all measurement events were considered, TI was reduced under shade 
primarily by reflection by shade sources, absorption by leaves, or scatter by leaves and by 
shade structures.  Any reduction in TI will likely reduce yields in C4 grasses, and this 
study supported that fact.  C4 grasses have a higher light compensation point (LCP) and 
higher light saturation point (LSP) than C3 grasses, meaning that they are also relatively 
more likely to exhibit a decline in productivity as LSPs are less likely to be reached when 
compared to open conditions.    
Quantum Intensity (QI) of Each Color in PARFR.  Reductions in TI by the 
shade structures and loblolly pine (sunny days only) included variable changes in the 





) of each light color band in the PARFR region are reported for 
full sun, shade structures, and under loblolly pine, on full sun days in July and March 
(Figures 15 and 16).  Specific color bands analyzed include B, G, R, and FR.  No 
differences existed between the two months, both on sunny days (Table 7). 
 
 
Shade status         B G R FR PARFR TI  





Sun 119.58 136.04 119.74 97.92 473.27 681.33  
Shade structures 56.90 61.76 53.29 44.87 216.81 361.15  
Loblolly pine 25.83 25.79 21.73 20.71 94.06 82.51  




 from two readings on 
sunny days in July and March, for full sun, shade structures (slats), and loblolly 










































































































































































































Mean QI for G light in full sun, under the structures, and under loblolly pine in 




, respectively.  The results for the same 




, respectively.   
Mean QI for R light in full sun, under the structures, and under loblolly pine in 




, respectively.  The results for the same 




, respectively.   
Mean QI for FR light in full sun, under the structures, and under loblolly pine in 




, respectively.  The results for the same 




, respectively.   
Figure 16.  Mean quantum intensity (QI) of full sun, shade structures, and loblolly pine, on 




Reductions of each light band in the PARFR region were also quantified for the 
sunny measurement days in July and in March.  Mean reductions, on sunny days, in B, G, 
R, FR, and PARFR by the structures were 52.36, 54.59, 55.44, 54.12, and 54.14 %, 
respectively; mean reductions beneath loblolly for B, G, R, FR, and PARFR were 72.65, 
81.06, 81.9, 78.9, and 80.17 %, respectively (Table 8 and Figure 17). 
 
 
Reduction (%)        B G R FR PARFR 
 
-------------------------------------%----------------------------------- 
Sun 0 0 0 0 0 
Shade structures 52.36 54.59 55.44 54.12 54.14 
Loblolly pine 72.65 81.06 81.9 78.9 80.17 
 
TI under loblolly pine is highly variable among different management schemes, 
ages, and other factors.  Total reduction in solar radiation is easy to estimate in real time 
in the field, and the effect on the understory of a simple reduction in solar radiation is 
fairly well understood.   
 
Table 8.  Percent (%) reduction of each color within photosynthetically active 
radiation plus far red (PARFR), and of PARFR, by each cover type in the study: sun, 






Light quality is more important than quantity to understand since the proportions 
of each color band likely have a stronger influence on growth and development 
(Deregibus et al., 1983).  Over-story characteristics, atmospheric conditions (particulates, 
water vapor), temporal changes, or other factors influence the proportion of light waves 
available in the PAR light region reaching the understory.  When relatively constant 
shade is present, such as in a silvopasture, morphological changes in plants can occur. It 
is important to note that the structures had a greater effect on PAR light waves than on TI 
as a whole, and loblolly pine had a greater effect on TI as a whole, and a less pronounced 
effect on PAR compared to the shade structures.  In other words, the total light reduction 
Figure 17.  Quantum intensity (QI, µmol m2 s-1) of each individual wavelength 
in the entire spectrum collected on a sunny day in March.  The shaded area 
includes the light waves in the PARFR region. 
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in PAR matched the shade level in loblolly but was disproportionately larger than TI 
reduction under the structures. 
Proportion of Red to Far Red (R:FR) 
Mean R:FR proportions were 1.22, 1.19, and 1.02, respectively for full sun, shade 
structures, and loblolly pine on the sunny days in July and March. No differences           
(p = 0.8305 - 0.9680) existed between the two months for any of the individual 
comparisons.  When analyses were made within March on a sunny day, significant 
differences existed in R:FR between sun and loblolly (p ˂ 0.0001), and structures and 
loblolly (p ˂ 0.0001), but not between full sun and the slat structures (p = 0.4919).  Mean 
ratios were 1.26, 1.23, and 0.97 for full sun, shade structures and loblolly pine 
respectively.   
On the cloudy day in July, mean proportions of R:FR were 1.24, 1.24, 1.17, and 
1.17 for full sun cloudy, full sun sunny, loblolly cloudy, and loblolly sunny, respectively.  
Loblolly pine significantly reduced the proportion of R:FR in both cloudy (p = 0.0148)  
and sunny moments (p ˂ 0.0001). 
Proportion of Color to PAR and PARFR 
 In the sunny day collections, shade structures had no effect on B:PAR                 
(p = 0.0912), G:PAR (p = 0.7908), or R:PAR (p = 0.3352 (Figure 18)).  When compared 
to sun, loblolly increased B:PAR (p < 0.0001) and R:PAR (p < 0.0001), but had no effect 
on G:PAR (p = 0.0777).  When structures were compared to loblolly, structures had a 
lower B:PAR (p < 0.0001), but had significantly higher G:PAR (p = 0.0426) and R:PAR 
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(p < 0.0001).  Structures and loblolly both decreased FR:PARFR (p < 0.0001), and 






















Mean proportions of each color to PAR were also included for July on a cloudy 
day in order to quantify the effects of cloud cover on full sunlight (Figure 19).  
Atmospheric moisture would presumably be lower on a full sun day than on a cloudy 
day, and moisture affects light characteristics.  Structures were excluded for cloudy day 
measurements due to increasing cloud cover.   
Figure 18.  Proportion of color to photosynthetically active radiation (PAR) 
in full sun, shade structures (slats), and under loblolly pine using averaged 






Clouds did not affect B:PAR, regardless of whether measurements were in open 
sun (p = 0.0837) or under loblolly pine (p = 0.1321); however, loblolly pine decreased 
B:PAR both in sunny (p ˂ 0.0001) and in cloudy (p = 0.0006) moments on the same day, 
which is the opposite effect that occurred on the sunny days where loblolly pine increased 
the B:PAR.  Part of this could be due to less scatter beneath the canopy with less 
incoming solar radiation on the cloudy days compared to the full sun days, combined 
with the increase in G:PAR under loblolly pine.  It is important to note that visually in 
Figure 8, there appears to be a decrease in G:PAR under clouds.  Despite the appearance, 
there actually is no statistical difference due to the extremely high variability among the 
cloudy measurements (p = 0.1217). 
Figure 19.  Proportion of each color to photosynthetically active radiation (PAR) 
and to PAR plus far red) PARFR on a cloudy day in July, under full sun in sunny 
moments, loblolly pine in sunny moments, and cloudy moments.   
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Clouds did not affect the G:PAR ratio in open sun (p = 0.1217) or under loblolly 
pine (p = 0.4240).  However, loblolly pine increased the proportion of G:PAR in sunny 
moments (p = 0.0020), but not in cloudy moments (p = 0.3758).  Additionally, when the 
effects of loblolly and cloud were added, there was no statistical difference (p = 0.3959), 
suggesting that the reduced solar irradiance under clouds reduced the reflectance of green 
from the needles, thus enhancing understory concentrations of G.  Also, when trees are 
actively photosynthesizing (sunny moments) there is selective absorption of the active 
light waves B and R, while clouds absorb the lower energy, longer wavelengths in the FR 
region.  With increased absorption by the over-story of these light waves, and absorption 
of FR by clouds, there would theoretically be a concurrent increase in the proportion of G 
remaining in the light fraction reaching the understory.  
R:PAR was increased by clouds (p = 0.0003) in open conditions, but not by 
clouds under loblolly pine (p = 0.4450).  Clouds may affect proportion of R to PAR by 
selectively absorbing longer energy wavelengths such as those in the FR rather than 
shorter wavelengths such as B.  Loblolly pine reduced R:PAR in both sunny (p ˂ 0.0001) 
and cloudy (p = 0.0115) conditions. 
Clouds had no effect on the FR:PAR ratio in either open conditions (p = 0.8418) 
or under loblolly pine (p = 0.6287).  This was possibly due to extra atmospheric moisture 
on an overall cloudy day that buffered the effect of additional cloud cover.  This would 
mean that other color enhancements discussed in this study were not caused by the 
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absorption of FR by clouds.  Loblolly pine had a strong effect on the FR:PAR ratio in 
sunny (p ˂ 0.0001) and cloudy (p = 0.0217) conditions.   
Changes by the shade structures occurred as decreases in the proportion of 
G:PARFR (p = 0.0482) and in R:PARFR (p = 0.0179), but no changes occurred in the 
B:PARFR    (p = 0.1831).  Changes by loblolly pine in the same event occurred as an 
increase in B:PARFR (p < 0.0001) and decreases in both G:PARFR and R:PARFR (p < 
0.0001; p < 0.0001).  When compared to sun, both structures and loblolly reduced 
FR:PARFR (p < 0.0001), and structures had a higher FR:PARFR than loblolly (p < 
0.0001).  Results are shown in Figure 20.  
In open conditions, the presence of clouds increased the proportion of B:PARFR       
(p = 0.0151), but had no effect when the same comparisons were made under loblolly 
pine (p = 0.1038).  Loblolly pine reduced the B:PARFR both in sunny (p ˂ 0.0001) and 
in cloudy conditions (p ˂ 0.0001).  Overall, loblolly pine had significantly lower 
B:PARFR than clouds. Significant differences are summarized in Table 9. 
Clouds had no effect on G:PARFR in open conditions (p = 0.1293), or under 
loblolly cover (p = 0.3850).  Loblolly pine, however, did significantly increase G:PARFR 
in sunny conditions (p = 0.0074), despite the high reflectance of G.  G that is not reflected 
would likely be enhanced as selective absorption of B and R light occurs by 
photosynthesizing plants.  This same effect was not present in cloudy moments on the 






        
 Factor Ratio Effect P T ≤ t   Condition 1 Condition 2 Mean 1 Mean 2 
Structures G:PARFR ˅ 0.0482 Sun Structures 0.0029 0.0028 
 R:PARFR ˅ 0.0179 Sun Structures 0.0025 0.0025 
 
FR:PARFR ˅ < 0.0001 Sun Structures 0.0026 0.0014 
Loblolly B:PAR  ˄ < 0.0001 Sun Loblolly 0.3176 0.3848 
 R:PAR ˅ < 0.0001 Sun Loblolly 0.5521 0.4862 
 
B:PARFR ˄ < 0.0001 Sun Loblolly 0.0025 0.0030 
 
R:PARFR ˅ < 0.0001 Sun Loblolly 0.0025 0.0021 
 
FR:PAR ˅ < 0.0001 Sun Loblolly 0.0026 0.0004 
 
FR:PARFR ˅ < 0.0001 Sun Loblolly 0.0021 0.0003 
 
R:FR ˅ < 0.0001 Sun Loblolly 1.2616 0.9706 
Structures v 
Loblolly B:PAR < < 0.0001 Structures Loblolly 0.3272 0.3848 
 G:PAR > 0.0426 Structures Loblolly 0.3865 0.3794 
 R:PAR > < 0.0001 Structures Loblolly 0.5462 0.4862 
 B:PARFR < < 0.0001 Structures Loblolly 0.0026 0.0030 
 G:PARFR > < 0.0001 Structures Loblolly 0.0028 0.0026 
 R:PARFR > < 0.0001 Structures Loblolly 0.0025 0.0021 
 FR:PAR > < 0.0001 Structures Loblolly 0.0014 0.0004 
 FR:PARFR > < 0.0001 Structures Loblolly 0.0011 0.0003 
 R:FR > < 0.0001 Structures Loblolly 1.2318 0.9706 
        
  
Table 9.  Effects, statistical differences, and means of each color to photosynthetically active 
radiation (PAR) and colors:PAR plus far red (PARFR) under full sun, shade structures 
(slats), and loblolly pine.  All measurements were conducted on sunny days in July and 




























Similarly to the G:PAR comparisons, the additive effect of loblolly pine and 
cloud cover on G:PARFR was not significantly different (p = 0.3361), suggesting that the 
cloud cover either reduced the G reaching the loblolly, or that the reduced solar 
irradiance under clouds reduced the reflectance of G from needles, thus enhancing 
understory proportions.  In sunny moments, it is likely that G is enhanced in the 
understory as more light in the PARFR region is absorbed by plants that are actively 
photosynthesizing.  This explains why loblolly alone, in sunny moments, altered the 
G:PARFR ratio in the understory and the additive effects of loblolly and clouds did not.  
 Clouds had no effect on R:PARFR in either open conditions (p = 0.1436) or 
under loblolly pine canopy (p = 0.2057); however, loblolly decreased the R:PARFR both 
in sunny (p = 0.0006) and in cloudy (p = 0.0154) conditions.  Clouds in open cover had 
Figure 20.  Proportion of each color to photosynthetically active 
radiationbplus far red (PARFR) on averaged sunny day measurements in 
July and March for full sun, shade structures (slats), and loblolly pine.   
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no effect on FR:PARFR (p = 0.1807), but the addition of clouds to loblolly pine 
significantly decreased the FR:PARFR ratio (p = 0.0023).  Loblolly increased the 
FR:PARFR ratio both in sunny (p ˂ 0.0001) and cloudy (p = 0.0238) moments.  Clouds 
alone had no effect on the FR:PARFR; however, when measurements were taken beneath 
loblolly pine under sunny moments and under cloudy moments, there was a significant 
decrease.  This is likely a result of the cloud cover causing slower Ps rates which would 
presumably slow light absorption in the PAR range, thus increasing proportions of those 
light waves in the understory, and consequently reducing FR.   
Clouds had no effect on the R:FR ratio in open conditions (p = 0.2176) or under 
loblolly pine (p = 0.5371); however, loblolly pine decreased R:FR both in sunny            




































        
 Factor Ratio Effect P T ≤ t   Condition 1 
Condition 
2 Mean 1 Mean 2 
Clouds R:PAR ˄ 0.0003 Sun, sunny Sun, cloudy 0.5451 0.5458 
 
B:PARFR ˄ 0.0151 Sun, sunny Sun, cloudy 0.2349 0.2371 
 
FR:PARFR ˅ 0.0023 Lob, sunny Lob, cloudy 0.4555 0.1871 
 Loblolly B:PAR  ˅ < 0.0001 Sun, sunny Lob, sunny 0.2861 0.2747 
 
B:PAR  ˅ 0.0006 Sun, cloudy Lob, cloudy 0.2896 0.2767 
 
G:PAR ˄ 0.0020 Sun, cloudy Lob, sunny 0.4360 0.4555 
 
R:PAR ˅ < 0.0001 Sun, sunny Lob, sunny 0.5451 0.5306 
 
R:PAR ˅ 0.0115 Sun, cloudy Lob, cloudy 0.5458 0.5289 
 
B:PARFR ˅ < 0.0001 Sun, sunny Lob, sunny 0.2350 0.2234 
 
B:PARFR ˅ < 0.0001 Sun, cloudy Lob, cloudy 0.2371 0.2250 
 
G:PARFR ˄ 0.0074 Sun, sunny Lob, sunny 0.3650 0.3704 
 
R:PARFR ˅ 0.0006 Sun, sunny Lob, sunny 0.2212 0.2193 
 
R:PARFR ˅ 0.0154 Sun, cloudy Lob, cloudy 0.2245 0.2183 
 
FR:PAR ˄ < 0.0001 Sun, sunny Lob, sunny 0.4410 0.4522 
 
FR:PAR ˄ 0.0217 Sun, cloudy Lob, cloudy 0.4410 0.4531 
 
FR:PARFR ˄ < 0.0001 Sun, sunny Lob, sunny 0.1786 0.1869 
 
FR:PARFR ˄ 0.0238 Sun, cloudy Lob, cloudy 0.1814 0.1871 
 
R:FR ˅ < 0.0001 Sun, sunny Lob, sunny 1.2400 1.1700 
  R:FR ˅ 0.0148 Sun, cloudy Lob, cloudy 1.2400 1.1700 
        
Table 10.  Significant effects of cloud cover and loblolly pine on proportions of colors to 
photosynthetically active radiation (PAR) and PAR plus far red (PARFR) on a cloudy day 
in July.   
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Although many of the comparisons among loblolly pine, clouds, and open sun on 
a cloudy day were significant, the biological effects would likely be low given the low 
values of change seen, as well as the transient nature of cloud coverage.  The largest 
apparent difference was between the R:FR of loblolly pine (1.17) and open sun (1.24) , 
regardless of cloud cover.      
In addition to absorbing light, reflection and transmission occur that are both 
examples of a non-interaction with the over-story.  Despite both being classified as such, 
the reflected light may be considered a loss to the understory if it is reflected away from 
the system before interception and absorption.  R light is absorbed, and FR sometimes 
reflected or transmitted.  Transmitted light is likely available to the understory vegetation 
and can explain part of the increase in these portions sometimes reported in the literature.  
Bell et al. (2000) explained increases in R under shade as a consequence of increased 
reflection of FR light with a subsequent increase in the R proportion.  Red and FR are 
considered necessary to plant growth and are known to influence grass tillering and 
initiate morphological and photoperiod responses (Bell et al., 2000).   
When analyses were made within March on a sunny day, significant differences 
existed in R:FR between sun (1.26) and loblolly (0.97)  (p ˂ 0.0001), and structures 
(1.23) and loblolly (p ˂ 0.0001), but not between full sun and the slat structures (p = 
0.4919).  Mean ratios were 1.26, 1.23, and 0.97 for full sun, shade structures and loblolly 
pine respectively.  This was in contrast to Richard’s study (2009) that showed no 
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significant differences between loblolly pine and sun, but did demonstrate slightly 
smaller R:FR ratios under loblolly pine than in full sun and under shade cloth.     
The Richard (2009) study also reported increases in B light beneath shade when 
compared to no shade, and attributed this to atmospheric scattering of B.  B light is a 
higher energy light source that is capable of greater scatter than lower energy wave 
lengths such as R and FR.  Results from the current study show no statistical difference in 
B light beneath either shade source.  However, there was likely a trend for B:PAR to be 
lower in full sun in this study (p =  0.0565), which would be in agreement with the  Bell 
(2000) and Richard (2009) studies.   
In an actively photosynthesizing over-story such as loblolly pine, it is likely that B 
light is preferentially absorbed due to its ability to efficiently deliver photons to plant 
chlorophyll.  The presence of needles also likely increased scatter when compared to an 
open pasture or shade structures because of a greater number of surfaces on which to 
reflect.  Light scatter is directly and negatively correlated to increasing surface sizes.  In 
other words, on larger surfaces such as the slatted shade structures, there would 
theoretically be much less scatter than would be found in a silvopasture because there are 
no needles to reflect from.  Bell et al. (2000) found that the proportion of B increased 
under several shade sources due to atmospheric scattering of B.  If needles are present to 
scatter B, it is possible that solar irradiation can be more efficiently used as it is absorbed 
by the forage understory.   
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In contrast, when shade is a result of a non-vegetative, and thus inactive, 
structure, it is likely that these higher energy wavelengths are reflected more readily than 
they would be by vegetation.  Preferential absorption by actively photosynthesizing trees 
and increased reflection of higher energy wavelengths by structures both result in a loss 
of B light in the understory; some of this “loss” is offset by the increased tendency of B 
light to scatter in the understory.  B light provides almost twice the energy when 
compared to R light for photosynthesis and is harvested primarily by chlorophyll a and b.   
Results are compatible with other literature that shows that an over-story of living 
plants can alter the light quality beneath the canopy due to increased absorption of R light 
when compared to artificial structures, such as cloth or structures that are not actively 
photosynthesizing.  The light waves that appear to be most susceptible to over-story 
conditions are located within the PAR region and include B, R, and FR.  B is the highest 
energy (shortest wavelengths from peak to peak) region in PAR and is therefore 
preferentially absorbed by plants as the most efficient energy source for photosynthesis.  
This may reduce the amount of B in the understory, thus increasing the proportion of R 
light for forage availability; however, additional scatter may negate these differences.  
Additionally, pine needles and other leaves transmit portions of the R and FR light to the 
understory, potentially increasing concentrations of R over B. 
  When the shading is not comprised of living vegetation, structures, shade cloth or 
other methods may alter the understory light quality differently, and as a result, have 
different effects on plant processes.  For example, in the shade structures used for this 
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study it is possible that FR light was absorbed or reflected by the structures; however, it 
is not plausible that any of this low energy light was transmitted through the structures to 
contribute to the understory light availability.  Additionally, some of the light can be 
intercepted by leaves after being reflected off of adjacent surfaces.  In the presence of 
needles where there is an abundance of surfaces, it is possible that there is higher 
incidental light availability when compared to the direct shading of the structures due to 
increased scatter.  With the shade structures, light was primarily directed downward and 
reflected off of the ground and any vegetation present; however, the multitude of 
directional changes in light that would be present in a silvopasture is not present beneath 
the structures in this study.  In contrast, the shade structures were located in an open field 
where side shading from tree rows was not present.  Buffer zones may have somewhat 
alleviated possible problems associated with the absence of this factor, but it is unknown 
to what degree this would affect results.   
  Overall, the light data collected in this study compared well to the data collected 
by Richard (2009).  Richard’s data included various measurements of light under full sun, 
shade cloth (30%, 60%), and loblolly pine, and demonstrated R:FR ratios of 1.00, 1.19, 
and 0.93 respectively.  In this study, March readings were slightly higher for R:FR ratio 
under the loblolly pine (1.10) than the same readings in July (0.93) when photosynthetic 
rates were greater.  Differences in solar angle due to time of year may also have 
contributed to this outcome. 
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  There were tendencies for the proportional changes in light under the structures to 
behave more similarly to full sun, when compared to loblolly pine.  For studies that 
utilize artificial shading to study effects on forage quality, it is important to consider 
possible differences in forage morphology that directly alter quality as a feed source.  
Despite the low average differences in the light beneath the structures and loblolly, there 
were many significant differences attributed to the shade source (loblolly or shade 
structures).  Thus, the plausibility of using wood lath shade structures to simulate 
understory light for the purposes of research exists, but it is thought that the structures 
could be improved by painting to selectively reflect green and enhance understory 
proportions of PAR in a way that more closely resembles loblolly pine.  For the purposes 
of research, structures or artificial shading that corrects the apparent proportional 
differences should be used.  It is also thought that intermittent light effects forage 
morphology differently than steady shading that would be provided by cloth, suggesting 
that an intermittent shading such as would be found in a silvopasture could more closely 
replicate understory light conditions and presumably forage responses such as stem 
elongation.  Shading in a silvopasture varies from dense to intermittent, to primarily open 
in midday as you move from the tree line to the alley-way.  As a result, all shade types 
are present in a silvopasture, but a study that attempts to recreate the primary conditions 
toward the center of the alley way extending to the intermittent light of the shade edges 
would likely be more relevant to field conditions and forage production.  This study 
focused on intermittent shading that would be along the edges primarily.              
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Richard’s (2009) study showed a lack of statistical difference in light proportions 
under cloth, and demonstrated that advertised values of shade did not necessarily match 
the actual shading provided.  This was possibly due to stretching of the cloth over time, 
or during application.  This could be problematic for some research applications.  A 
benefit of shade cloth is that it can be purchased in specific colors to selectively alter 
understory light; however, the same benefits could be theoretically achieved by painting 
the wood structures as described above, thus still providing the desired TI over time, as 
well as intermittent light.     
It is unknown how small of a difference in light quality is necessary to influence 
forage morphology.  Additionally, it is known that both seasonal and diurnal effects are 
present that influence light quality, and this study did not compare light in this manner.  If 
changes in light occur at critical points in the plant’s life cycle, there could be 
ramifications that need to be considered.  In studies that seek to determine forage quality 
based on light conditions, this could be an especially pertinent consideration since small 
changes in plant morphology contribute to direct changes in forage quality and 
subsequent beef cattle gains.  Since simple light reduction typically reduces DMY of C4 
grasses, it becomes increasingly important to accurately estimate forage quality so that 
gains can be estimated and economical production can be maintained.  In this study 
forage quality was improved under shade, but DMY was reduced.  This would result in 





At the conclusion of the study, all forage data was initially analyzed with a Model 
III Repeated Measures ANOVA in order to accommodate the repetitive plot 
measurements as well as the random effect of year.  With these variables included, 
analyses were unsuccessful because the algorithms within SAS were unable to achieve 
convergence and thus obtain Hessian positive variance-covariance estimates.  The cause 
of this error varies, and could include insufficient variation in the input variables (i.e. 
plot), or could be due to drastically different scales of the variables that can prevent 
variance estimates from being obtained (SAS, 2016).  Regardless of the cause, the result 
is excessive model instability which negates the validity of the calculated statistics and 
resulting probability values.  Suggestions include removing one or more of the variables, 
even if the variable should be in the model based on the design, or correcting the scales of 
the variables in the model.  Removal of these variables one at a time did not correct the 
Hessian error, so the decision was made to run each year independently and remove plot 
as a repeated measure.  It was apparent in interim analyses that years 1 and 3 had very 
few statistical differences, suggesting that there were likely other limiting factors 
affecting production; however, year two demonstrated responses to the main factors that 
contribute much information toward potential effects of shade and forage type.   
     Shade affected several of the forage quality parameters measured including CP   
(p < 0.0001), ADF (p = 0.0413), HEMI (p = 0.0050), IVTD (p < 0.0001), and TDN        
(p = 0.0132).  Shade also reduced The available photosynthate production that reduced 
164 
 
overall DMY (p < 0.0001).  Shade affected the parameters differently depending on 
forage type, but generally improved the quality by increasing CP, IVTD, and TDN.  
Despite the overall improvement in forage quality, shade significantly increased ADF (p 
= 0.0413) when all years were combined, though the magnitude was very small (344.2 vs. 
351.1 g kg
-1
), and the increase was isolated to BLUS and TIF9. 
Yield.  DMY varied by forage type (p < 0.0001).  Shade reduced DMY   (p = 
0.0017) by reducing solar irradiance supplying photosynthates for growth.  Additionally, 
reduced root production would have also been present, which would further reduce 
uptake of plant nutrients and subsequent plant growth (Table 11).   
Year also affected yield (p < 0.0001).  Year 1 was the establishment year, so it 
was expected that lower yields would be obtained than subsequent years (Table 12).  
Year 2 had favorable growing conditions with moderate temperatures and well-
distributed rainfall.  However, year 3 began with unusually high rainfall, followed by a 
period of low precipitation (Table 13).  Fertilizer was initially withheld due to inclement 
weather, but was applied between rainfall events.  It is likely that rain events reduced 
retention of applied amendments within the plots, which subsequently affected forage 
growth.  Additionally, prolonged dry periods and high temperatures existed toward the 

























1 0.1257 b 
2 0.4494 a 










 BLUS 0.1904   c d 
GAMA 0.3354       b 
INDY 0.2876    b c 
PASP 0.2368       c 
SWIT 0.2336       c 
TI85 0.1098       d 
TIF9 0.4962       a 
Table 11.  Mean dry matter yield (DMY) (kg ha-1) per clipping, of each forage type 
in the study, listed along with Tukey’s mean grouping. 
Table 12.  Mean dry matter yield (DMY, kg ha-1) of all forage types in the study listed 







Forage Type Change in Yield (%) Sunny Shaded 
  
 
             Mg ha
-1
 
BLUS - 36   7.30     4.70 
GAMA - 14 10.10     8.70 
INDY - 26   9.80     7.20 
PASP - 30   7.60     5.30 
SWIT - 37   8.20     5.20 
TI85 - 38   5.30     3.30 
TIF9 - 24 14.50   11.00 
 
 
There were no significant differences in yield based on shade treatment  
(p = 0.9463) in year one.  However, there was a trend for shaded plants to exhibit lower 
yields except for TIF9 and BLUS, which were unaffected.  There were differences in 
yield due to forage type (p < 0.0001); TIF9 and PASP showed the highest yields 
regardless of shade treatment.  
Year two was much more productive than the establishment year.  This is not 
surprising because native grasses are known to frequently require lengthy establishment 
periods of up to two or three years.  Since plots were initially established with plugs, it is 
possible that the plants experienced more rapid establishment by year two.  Results show 
that significant differences existed in all parameters (p < 0.0001) due to forage type. 
Table 13. Comparison of total yields in Mg ha
-1
 for sunny versus 50% shaded plots in 
season 2 only.  Each of the forage types in the study are compared side by side, and results 
include only year 2.  Changes in yield, in percent, are shown.  Overall, shade significantly 
reduced forage yields (p = 0.0172) in all plots.    
167 
 
Significant differences existed due to shade treatment for all parameters except for ADF                   
(p = 0.1324), and results showed that shade improved forage quality overall.  It reduced 
NDF (p = 0.0399), increased CP (p = 0.0007), and increased digestibility IVTD               
(p < 0.0001).  As a result, TDN which is calculated from NDF, ADF, and CP, was also 
significantly increased under shade (p = 0.0241).  
Tukey means separations tests consistently showed that SWIT, PASP, and 
GAMA were the “best” forages in year 2.  Furthermore, yields were only slightly reduced 
in PASP and GAMA by shade, and reduced by approximately half for SWIT.  However, 
SWIT showed high yields in both sun and shade, as well as persistence under intensive 
defoliation.  GAMA appeared to exhibit some shade tolerance, but persistence was 
declining due, most likely, to clippings that were too frequent for that species.  Rather 
than basing clippings on height, it is critical to base defoliation events on recommended 
rest days in order to maintain productivity of the stand.  PASP also exhibited some 
decline in year 2, and by year 3 it was greatly deteriorated.  It is thought that clippings 
were too heavy or too frequent because of the more lateral growth of that forage species.  
Future studies should study both GAMA and PASP, but reduce clipping frequency in 
order to maintain the stand.  Otherwise, these two forages seemed to exhibit some shade 
tolerance relative to others in the study.  
When other factors are not limiting, the effects of shade are less pronounced than 
when the limiting factor is being remediated by shade.  For example, when water is 
limiting, shade can improve growth by moderating temperatures and increasing moisture 
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retention in the shaded system (Burner and Beleskey, 2008).; in contrast, when all other 
resources are adequate and light becomes limiting, the effects of shade become more 
apparent, manifesting as reduced yields (most common in warm season grasses), or 
altered quality (Burner and Mackown, 2005; Deregibus et al., 1983; Frankilin, 2008).  C4 
grasses are likely to exhibit decreased yields as light becomes limiting because they reach 
light saturation (maximum photosynthetic capacity) at a much higher level than C3 
plants.  Cool season (C3) forages become light saturated much quicker (at approximately 
50% of total irradiance), so there may actually be increased production under shade.    
Another analysis was conducted to show the change in total nutrient concentration 
on a land unit basis (Tables 14 and 15).  In order to achieve this, the g kg
-1
 of nutrient 
concentration was multiplied by the yields in year 2 to obtain an estimate of nutrient 
production in kg ha
-1














Sun Shade Sun Shade Sun Shade Change Effect Effect p F > f 
 




         BLUS 124.50 128.34 7.30 4.70 908.88 603.21 33.63 n/a n/a 0.3373 
GAMA 154.71 165.15 10.10 8.70 1562.59 1436.80 8.05 ˅ ^ 0.0112 
INDY 117.77 129.17 9.80 7.20 1154.19 930.02 19.42 ˅ ^ 0.0005 
PASP 148.24 160.56 7.60 5.30 1126.66 850.96 24.47 ˅ ^ 0.0122 
SWIT 140.40 151.72 8.20 5.20 1151.24 788.94 31.47 ˅ ^ 0.0032 
TI85 118.09 121.88 5.30 3.30 625.88 402.21 35.74 n/a n/a 0.7733 
TIF9 122.36 135.06 14.50 11.00 1774.28 1485.64 16.27 ˅ ^ 0.0007 
           NDF 
          BLUS 655.53 664.14 7.30 4.70 4785.37 3121.47 34.77 n/a n/a 0.2837 
GAMA 635.56 634.67 10.10 8.70 6419.12 5521.60 13.98 n/a n/a 0.8763 
INDY 669.89 666.64 9.80 7.20 6564.96 4799.82 26.89 n/a n/a 0.6104 
PASP 643.69 634.00 7.60 5.30 4892.08 3360.21 31.31 n/a n/a 0.1805 
SWIT 628.14 617.95 8.20 5.20 5150.78 3213.35 37.61 n/a n/a 0.0998 
TI85 658.38 648.99 5.30 3.30 3489.40 2141.66 38.62 n/a n/a 0.5435 
TIF9 637.93 637.07 14.50 11.00 9250.02 7007.74 24.24 n/a n/a 0.9210 
           
ADF 
          BLUS 340.69 352.97 7.30 4.70 2487.06 1658.96 33.30 ˅ ^ 0.0452 
GAMA 337.55 335.36 10.10 8.70 3409.30 2917.62 14.42 n/a n/a 0.7166 
INDY 357.99 362.11 9.80 7.20 3508.33 2607.16 25.69 n/a n/a 0.3169 
PASP 353.67 358.71 7.60 5.30 2687.85 1901.15 29.27 n/a n/a 0.3403 
SWIT 328.16 333.08 8.20 5.20 2690.89 1731.99 35.64 n/a n/a 0.3870 
TI85 344.49 330.83 5.30 3.30 1825.78 1091.75 40.20 n/a n/a 0.2606 
TIF9 347.78 375.59 14.50 11.00 5042.76 4131.52 18.07 ˅ ^ 
< 
0.0001 
           
IVTD 
          
BLUS 662.30 674.59 7.30 4.70 4834.81 3170.57 34.42 n/a n/a 0.1883 
GAMA 611.34 625.26 10.10 8.70 6174.56 5439.79 11.90 ˅ ^ 0.0382 
INDY 636.76 651.51 9.80 7.20 6240.25 4690.88 24.83 ˅ ^ 0.0165 
PASP 665.62 681.90 7.60 5.30 5058.68 3614.08 28.56 n/a n/a 0.1037 
SWIT 678.87 703.58 8.20 5.20 5566.75 3658.61 34.28 ˅ ^ 0.0011 
TI85 606.85 625.87 5.30 3.30 3216.31 2065.36 35.78 n/a n/a 0.3980 
TIF9 655.96 671.52 14.50 11.00 9511.46 7386.75 22.34 ˅ ^ 0.0340 
Table 14.  Nutrient concentration for each forage type in full sun and under partial 
shade, along with total dry matter yield (DMY) for season 2.  Also presented is the 
percent reduction in nutrient concentration per land unit area, along with associated 





  Nutrient DMY  Difference 
 
% Total Reduction 
 CP 
   BLUS 33.63 35.62 -1.99 
GAMA 8.05 13.86 -5.81 
INDY 19.42 26.53 -7.11 
PASP 24.47 30.26 -5.79 
SWIT 31.47 36.59 -5.12 
TI85 35.74 37.74 -2.00 
TIF9 16.27 24.14 -7.87 
NDF 
   BLUS 34.77 35.62 -0.85 
GAMA 13.98 13.86 0.12 
INDY 26.89 26.53 0.36 
PASP 31.31 30.26 1.05 
SWIT 37.61 36.59 1.03 
TI85 38.62 37.74 0.89 
TIF9 24.24 24.14 0.10 
ADF 
   BLUS 33.30 35.62 -2.32 
GAMA 14.42 13.86 0.56 
INDY 25.69 26.53 -0.84 
PASP 29.27 30.26 -0.99 
SWIT 35.64 36.59 -0.95 
TI85 40.20 37.74 2.47 
TIF9 18.07 24.14 -6.07 
IVTD 
   BLUS 34.42 35.62 -1.19 
GAMA 11.90 13.86 -1.96 
INDY 24.83 26.53 -1.70 
PASP 28.56 30.26 -1.71 
SWIT 34.28 36.59 -2.31 
TI85 35.78 37.74 -1.95 
TIF9 22.34 24.14 -1.80 
Table 15.  Percent reduction due to shade in total nutrient yield per hectare, along with 
reduction in dry matter yield (DMY) per hectare; this table shows whether the changes in 
DMY per hectare were proportional to the changes in total nutrient output per hectare. 
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Warm season grasses are expected to show a reduction in yield under shade.  This 
study supported that fact, but also showed that expected average daily beef gains per 
animal unit would be greater for the same DM intake, because of improved forage quality 
and microclimatic conditions under shade.  Calculated predictions used in commercial 
laboratories to assess potential energy values for forages, utilize the affected components 
as predictor variables, and thus, determine greater values of available energy of the 
forage, and expected increased gains in grazing animals.  This is likely accurate based on 
the confidence in those prediction equations by the agricultural communities.  
Additionally, these equations do not factor in the direct effects of shade on the animal 
that consist of lower stress and increased time spent eating as opposed to loafing or 
otherwise not grazing (Bartolome et al., 2011; Karki and Goodman, 2010), so it is 
possible for even greater gains in a silvopasture compared to a conventional pasture with 
more extreme conditions and lower quality forage. 
CP.  Shade significantly increased CP in GAMA (p = 0.0112), INDY                  
(p = 0.0005), PASP (p = 0.0122), SWIT (p = 0.0032), and TIF9 (p = 0.0007).  Several 
factors likely contributed to these changes, including a reduced dilution effect due to 
reduced dry matter yield under shade, which increased the concentration of N in the 
remaining plant material (CP = N*6.25), or increased soil N availability to plants, due to 
improved soil moisture and temperature under shade, which possibly stimulated 
microbial activity and mineralization of plant nutrients.  In microclimates with lower 
temperatures it is likely that volatilization of N fertilizers will be reduced, though it is 
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unknown if this contributed to higher N in plant tissues in this study.  Additionally, plants 
under shade are known to increase chlorophyll content in order to compensate for low 
light levels (Carter and Knapp, 2001).  This increase in chlorophyll content likely 
contributed to increases in CP in the shaded forages.  Overall, CP levels were more than 
adequate for beef cattle production.  Minimum CP required for ruminal function is 










  BLUS c 124.50 128.34 n/a 0.3373 
GAMA a 154.71 165.15 ^ 0.0112 
INDY c 117.77 129.17 ^ 0.0005 
PASP ab 148.24 160.56 ^ 0.0122 
SWIT b 140.40 151.72 ^ 0.0032 
TI85 c 118.09 121.88 n/a 0.7733 
TIF9 c 122.36 135.06 ^ 0.0007 
 
Pairwise comparisons using Tukeys showed that CP was significantly highest 
(best) in GAMA (17.09) and PASP (16.20), followed by SWIT (15.45), and finally by  
TIF9 (13.45), BLUS (13.14), INDY (13.06), and TI85 (11.74) (Figure 22).   
 
 
Table 16.  Mean crude protein (CP, g kg-1) of each forage type in full sun and under 50% 






Despite the statistical differences in CP attributed to shade, the magnitudes of 
increases were minimal, approximately 10 g kg
-1
.  This amount of increase, however, is 
important in situations where forage quality is average to low, such as in East Texas.  
Since typical forage CP levels in the region are frequently close to threshold minimal 
requirements for beef cattle, small increases in CP content could ensure that adequate 
levels are provided for grazing animals. 
NDF.  No differences in NDF existed due to shade, but forages were different.  




Figure 22.  Crude protein (CP) content (g kg-1) of each forage type in full 













BLUS a 655.53 664.14 n/a 0.2837 
GAMA    bc 635.56 634.67 n/a 0.8763 
INDY a 669.89 666.64 n/a 0.6104 
PASP b 643.69 634.00 n/a 0.1805 
SWIT c 628.14 617.95 n/a 0.0998 
TI85 a 658.38 648.99 n/a 0.5435 





Table 17.  Mean neutral detergent fiber (NDF) content for each forage type in 
full sun and 50% shade.  Shade effects are listed alongside probabilities 
where applicable. 
Figure 23.  Neutral detergent fiber (NDF) content (g kg
-1
) of each forage 
type in full sun and under 50% shade for all years.  Tukey’s means 
separators (α = 0.05) are indicated alphabetically, with like letters indicating 
no statistical difference. 
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NDF is the fibrous fraction of forage that is degradable in a neutral detergent 
solution.  It is considered an indicator of forage intake by cattle, because it is only 
partially digestible, relative to degradables, and thus, contributes to gut fill.  The literature 
is contradictory when reporting forage NDF responses to shade, likely due to the wide 
array of species tested, and to variable microclimatic conditions within and among 
studies (Buergler et al., 2005; Buergler et al., 2006; Burner and Brauer, 2003; Kepton 
and Buxton, 1993; Koukoura et al., 2009; Lin et al., 2001).  Overall, the highest NDF 
levels were found in BLUS, INDY, and TI85, and the lowest concentrations were 
determined to be in GAMA and SWIT.  PASP and TIF9 were not different than GAMA, 
and were moderate between the high and low groups for NDF.  The lower values for 
NDF are better for forage quality, especially in warm season grasses.  NDF is an 
important factor in TDN determination for warm season grasses, while it is omitted from 
TDN equations for cool season grasses.  NDF slows forage intake, thus limiting beef 
cattle average daily gains, and reducing annual profits for producers.  Since shade had no 
effect on NDF in this study, it is likely that forage quality would not be lower due to this 
variable in a silvopasture.   
ADF.  Shade increased mean ADF (p = 0.0413) by year 3.  Shade increased ADF 
only in BLUS and TIF9, but did not change concentrations in GAMA, INDY, PASP, 














BLUS b 340.69 352.97 ^ 0.0452 
GAMA bc 337.55 335.36 n/a 0.7166 
INDY ab 357.99 362.11 n/a 0.3169 
PASP a 353.67 358.71 n/a 0.3403 
SWIT c 328.16 333.08 n/a 0.3870 
TI85 bc 344.49 330.83 n/a 0.2606 

























Figure 24.  Acid detergent fiber (ADF) content (g kg
-1
) of each forage type 
in full sun and under 50% shade for all years.   
Table 18.  Mean acid detergent fiber (ADF) content for each forage type in full sun 
and 50% shade.  Shade effects are listed alongside probabilities where applicable.   
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ADF was lowest (best) in SWIT, GAMA, and TI85.  The next higher grouping 
included BLUS and INDY.  The highest ADF values, associated with the highest 
accumulations of lignin, occurred in INDY, PASP, and TIF9.  
ADF is the fibrous fraction degradable in an acid detergent solution.  It is used as 
an indicator of digestibility, despite the fact that it has low and highly variable 
correlations to forage digestibility measurements such as IVTD.  Regardless, it is used in 
prediction equations for TDN, RFV, and other forage quality calculations, and is thus 
important for these variables.  Lower ADF levels directly increase TDN and RFV of 
forage, and these values are the most commonly used for forage ranking purposes in 
commercial laboratories.  The increase in ADF in BLUS was likely due to delayed 
clippings as the grasses took more time to reach height for harvest under shade.  This 
allowed time for secondary cell wall development, which increased ADF in forage.  TIF9 
clippings were only minimally delayed due to shade, so other factors probably 
contributed in that forage type.  TIF9 is known to have shade tolerance, which would 
presumably allow normal development of ADF under shade relative to other, less 
tolerant, species in this study.  This factor, combined with slightly reduced clippings 
under shade likely is responsible for the increase in ADF under shade compared to other 
forages.   
IVTD.  Shade significantly increased IVTD in GAMA (p = 0.0382), INDY        
(p = 0.0165), SWIT (p = 0.0011), and TIF9 (p = 0.0340) (Table 19).  Shade did not 





which is not considered a large change for this parameter.  Shade had no effect on IVTD 
in BLUS (p = 0.1883), PASP (p = 0.1037), or TI85 (p = 0.3980).  IVTD is a measured, 
not calculated property, in this study.  It is directly linked to rumen fluid digestion assays, 
and thus, presumably better exhibits correlations to digestibility in cattle.  It is only 
loosely correlated to ADF, so may be more suitable for ranking forage quality.   
The lowest IVTD levels were found in GAMA and TI85, with INDY classified 
next.  BLUS, PASP, and TIF9 exhibited the next highest IVTD values, and SWIT was 
the “best” with the highest IVTD values regardless of shade (Figure 25). 
 
 






BLUS b 662.30 674.59 n/a 0.1883 
GAMA d 611.34 625.26 ^ 0.0382 
INDY c 636.76 651.51 ^ 0.0165 
PASP b 665.62 681.90 n/a 0.1037 
SWIT a 678.87 703.58 ^ 0.0011 
TI85 d 606.85 625.87 n/a 0.3980 
TIF9 b 655.96 671.52 ^ 0.0340 
 
 
Table 19.  Mean in vitro true digestibility (IVTD) content for each forage type in full sun 





























The Tifton 85 bermudagrass plots in this study were inferior in terms of 
establishment and production, making it necessary to prolong clippings in order to 
achieve appropriate clipping heights.  Increased maturity, especially with warm season 
grasses, decreases forage quality.  Shade that moderates microclimates such as in this 
study delay secondary cell wall development and allow prolonged quality while growth is 
achieved.  The application of shade reduces incoming solar radiation and temperature in 
the understory, thus reducing the advancement of maturity in forage cells.  Lower 
temperatures and reduced photosynthate availability slow cell wall development.  As 
maturity increases, the proportion of cell wall increases compared to soluble 
carbohydrates, as well as the proportion of those cell walls that are lignified (Ball and 
Figure 25.  In vitro true digestibility (IVTD) content (g kg
-1
) of each 
forage type in full sun and under 50% shade for all years.   
180 
 
Hoveland, 1991).  Lignification has a negative impact on ruminal degradation due to the 
ether-fumaryl bonds that are not digestible by ruminal microbes.  These bonds are of 
particular interest when comparing forage species and relative quality as a feed for 
livestock. 
TDN.  Shade significantly increased TDN in this study (p = 0.0132).  The TDN 
equation used for these calculations was developed for warm season grasses, and is 
frequently used in forage testing laboratories to predict available energy in warm season 
forages.  This equation compares to the typical cool season forage TDN equation, except 
that the warm season grass equation includes an additional consideration for NDF.  Cool 
season forage TDN is calculated using CP and ADF, since ADF is the primary variable 
affecting forage quality in cool season grasses.  This is partly due to the increased stem to 
leaf ratio seen in many C3 forages and legumes, and the subsequent effects of increased 
lignification (when compared to leaves) of the stem material.  In contrast, warm season 
forage TDN prediction adds NDF as a predictor variable.  This is because warm season 
grasses have a lower stem to leaf ratio, thus higher leaf material than cool season grasses.  
Leaf material is higher in NDF than stem material, which includes greater ADF.  The 
prominence of NDF, as well as the significant decline in the digestibility of the forage 
with maturity, makes this equation more appropriate for warm season grasses than the 
cool season equation that excludes NDF.   
Overall, TDN was highest (best) in GAMA (69.98), SWIT (69.75), and PASP 
(68.17).  All other forages were designated in the same, lower (worst), statistical 
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grouping by Tukey’s and included TI85 (64.55), TIF9 (64.17), BLUS (64.04), and INDY 
(63.21).   
Mineral nutrient concentrations.  Mineral nutrient concentrations were 
generally not affected by shade (Table 20); however, Cu was increased under shade           
(p = 0.0346), and pairwise comparisons in the forages showed that TIF9 was the only 
forage affected (Table 21).  The increased Cu under shade is likely a result of improved 
overall growth and production of that forage, because dilution would imply lower DM 
production relative to other species of forage.  In contrast, TIF9 was one of the most 
prolific forages in this study, suggesting that increased uptake of Cu may have been 









  P 0.49 0.67 n/a 0.1174 
K 68.73 71.63 n/a 0.5993 
Ca 7.68 7.95 n/a 0.8536 
Mg 45.88 48.34 n/a 0.5257 
S 4.70 7.59 n/a 0.2455 
                        --------mg kg
-1
--------  
Na 0.96 3.89 n/a 0.1194 
Fe 15.08 20.59 n/a 0.3081 
Mn 135.10 145.89 n/a 0.2948 
Zn 11.86 12.43 n/a 0.8920 
Cu 5.64 7.12 ˄ 0.0346 
 
 
Table 20.  Mineral nutrients analyzed in forage tissue, with associated probabilities, 










BLUS 5.83 0.9823 
GAMA 6.02 0.3010 
INDY 6.04 0.8866 
PASP 5.45 0.2393 
SWIT 6.96 0.9231 
TI85 6.31 0.1054 
TIF9 9.03 0.0209 
 
Various mineral nutrient ratios were examined and compared to published 
average ranges in warm season grasses (Table 23). A majority of the proportions were 
within the range of desired proportions for optimal plant growth, but some fell outside of 
this range.  Specifically, P/K, P/S, P/Mg, S/K, S/Mg, and Ca/K were lower than normal 
ranges, Ca/P and K/Mg were higher than ideal, and S/Ca, S/Mg, Ca/Mg, P/N, and Mg/N 
all fell within normal proportional ranges.  Higher pHs in the study soils after liming may 
have contributed to precipitation of soil nutrients and subsequent reduced availability for 
plant uptake.  Ca levels in the soil were very high, and pH was over 7.  It is possible that 
Cu was deficient due to the alkaline pH in the study plots; however, it is unknown why 
only TIF9 exhibited greater Cu concentrations under shade.   
 
 
Table 21.  Cu concentrations for each forage type, with associated probability values 











P 0.42 (L) 0.52 (L) 0.54 (L) 0.47 (L) 0.61 (L) 0.10 (L) 1.04 (L) 
K 58.30 (H) 68.03 (H) 58.85 (H) 87.20 (H) 73.12 (H) 44.67 (H) 80.62 (H) 
Ca 6.19 ( *) 5.38 ( *) 7.51 ( *) 11.36 (H) 7.36 ( *) 0.56 ( *) 9.90 (H) 
Mg 3.56 (H) 3.88 (H) 4.00 (H) 6.27 (H) 5.04 (H) 2.56 ( *) 5.90 (H) 
S 13.67 (H) 5.15 (H) 7.56 (H) 6.34 (H) 3.67 (H) 0.17 (L) 2.06 ( *) 
          -------------------------------------------------mg kg
-1
-------------------------------------------------- 
Fe 11.26 (L) 15.44 (L) 15.12 (L) 14.12 (L) 13.08 (L) 12.39 (L) 42.67 (L) 
Cu 5.83 ( *) 6.02 ( *) 6.04 ( *) 5.45 ( *) 6.96 ( *) 6.31 ( *) 9.03 (H) 
Mn 97.09 ( *) 104.75 ( *) 155.63 ( *) 175.43 ( *) 138.59 ( *) 85.01 ( *) 170.98 ( *) 
Zn 15.51 (L) 10.84 (L) 12.38 (L) 11.89 (L) 10.24 (L) 4.02 (L) 14.25 (L) 
Na    1.00      0.71      1.04      0.82      2.57    0.12    10.53 
Mo 5.35 (H) 5.73 (H) 5.58 (H) 4.38 (H) 5.44 (H) 3.69 (H) 20.71 (H) 
 
It is possible that the mechanisms that allow TIF9 to be shade tolerant, also 
allowed normal uptake of nutrients.  The other plants possibly failed to exhibit changes in 
Cu under shade because of other limitations.  TIF9 was the most tolerant plant in the 
study, although it should be stressed that the focus of research should be to move toward 
native species such as SWIT or GAMA that improve sustainability and increase the total 
production of each land unit area.   
 
 
Table 22.  Mean mineral concentrations in all forage types in the study are shown.  
Macronutrients include P, K, Ca, Mg, and S, and are shown in g kg
-1
; micronutrients 
include Fe, Cu, Mn, Zn, Na, and Mo, and are shown in mg kg
-1
.  The nutrient classes 
low, within range, or high (L, *, and H, respectively) are indicated in parentheses for 




Proportion Normal Range (CV %) Low Limit Forage High Limit Class 
P/K 0.10 19.90 0.08 0.01 0.12 L 
P/S 0.66 18.36 0.54 0.09 0.78 L 
P/Mg 0.85 21.30 0.67 0.12 1.04 L 
K/Mg 8.44 23.54 6.45 15.08 10.43 H 
S/K 0.16 13.44 0.14 0.09 0.18 L 
S/Ca 0.82 12.39 0.72 0.79 0.93 * 
S/Mg 1.31 17.16 1.08 1.24 1.53 * 
Ca/P 1.91 14.77 1.62 13.45 2.19 H 
Ca/K 0.20 21.33 0.15 0.11 0.24 L 
Ca/Mg 1.58 8.85 1.44 1.55 1.72 * 
P/N 0.08 16.56 0.07 0.08 0.09 * 
Mg/N 0.10 21.75 0.08 0.10 0.12 * 
 
Other forage parameters.  Other parameters analyzed included various 
calculated variables derived from the initial laboratory analyses.  Data analyzed included 
height, NDFd (NDF * IVTD), hemicellulose (NDF – ADF), dry matter intake (estimated 
from NDF), digestible dry matter (component in some laboratory equations), relative feed 
value (ranks forage against alfalfa (Medicago sativa) in full bloom), degradables            
(1 – NDF fraction), and the proportion of degradables to hemicellulose (Table 24).   
Shade had no effect on height in this study (p = 0.1348).  Since clippings were 
based on height, this was somewhat expected.  Heights from season 2 had a tendency to 
be greater under shade (p = 0.1001), presumably due to phototropism (Figure 26).  Since 
season 1 was the establishment year, and season 3 exhibited poor growth overall, season 
2 best demonstrated the effect of shade on height. 
 
Table 23.  Mineral nutrient ratios within plant tissue, with the low and high 
threshold normal limits indicated adjacent to the calculated means in this study.  
The class column indicates whether the concentration of that nutrient is low (L), 
within range (*), or high (H).   
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.   
 
Variable Forage Shade          F * S Shade Effect 
Height       0.0002 0.1348 0.6998 n/a 
NDF (digestible) < 0.0001 0.0006 0.9005 ˄ 
Hemicellulose < 0.0001 0.0055 0.0360 ˅ 
Dry Matter Intake < 0.0001 0.4506 0.3136 n/a 
Digestible Dry Matter < 0.0001 0.7319 < 0.0001 n/a 
Relative Feed Value < 0.0001 0.4771 0.0010 n/a 
Degradables < 0.0001 0.4833 0.2888 n/a 























Table 24.  Production and secondary calculated variables with associated 
probabilities, and effects where applicable. 
Figure 26.  Season 2 heights of forage (cm) in full sun and under 50% shade.  No 
significant differences existed due to shade (p = 0.1001). 
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Shade increased the proportion of NDFd in BLUS, INDY, PASP, and SWIT.  
There were no reductions in NDFd in any forage type due to shade.  This is a desirable 
benefit from shade application because increased digestibility of the NDF (hemicellulose 
or cell wall) portion increases the ability of ruminant microbes to degrade the chemical 
bonds present and gain access to the cell solubles that are readily degradable.  Literature 
has supports the notion that NDFd is a more important predictor to beef gains and milk 
production of cattle, rather than a simple NDF determination (Moore and Undersander, 
2002).  This is because there is much variability in the digestibility of the NDF, implying 
the importance of this additional factor, but the property is not commonly included in 
energy prediction equations utilized by forage testing laboratories.   
NDFd, which was calculated by multiplying the IVTD value for the whole sample 
by the amount of NDF in the sample was best, or highest, for SWIT (53.47), PASP 
(52.41), and BLUS (51.91).  The second grouping included INDY (48.53) and TIF9 
(47.69) followed by the lowest (worst) which included TI85 (41.78) and GAMA (40.87).  
Hemicellulose (NDF - ADF) was lowest (best) for PASP (28.88), TIF9 (29.30ab), SWIT 
(29.63), and GAMA (30.09).  The second highest grouping included INDY (31.29) and 
BLUS (31.33), followed by the highest (worst) grouping with TI85 (35.69).  
Hemicellulose is a measurement of the cell wall materials considered partially digestible.  
This component varies based on the degree of lignification that exists in the cell wall 
material, and lignification depends on many factors such as species, forage maturity, 
environmental temperature, and wind speed (Ball et al., 1991; Buergler et al., 2006).  
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Other factors such as fertilization have sometimes been shown to affect lignification of 
cell wall material.  In most forages in this study, shade had no effect on hemicellulose 
content.  However, shade increased the hemicellulose in TI85, and decreased it in TIF9.  
Based on the fact that ADF was higher in shaded TI85 than sunny plots, the likely source 
of the increased hemicellulose is lignification of the cell wall material which was 
indicated by greater ADF under shade.  TIF9 showed a reduction in hemicellulose that 
corresponded to an increase in ADF in the shaded forage.   
 Degradables (Total – NDF) were highest (best) for SWIT (36.42) and GAMA 
(35.16), followed by PASP (34.70), then TIF9  (33.32).  The lowest (worst) group based 
on Tukey groupings included BLUS (32.69), TI85 (32.30), and INDY (31.94).  The 
proportion of degradable cell contents (D) to hemicellulose (H), which is partially 
digestible, were calculated and the differences analyzed.  The forages with the highest 
proportion of D/H (best) were SWIT (1.25), PASP (1.23), GAMA (1.19), and TIF9 
(1.16).  The next grouping included BLUS (1.07), followed by INDY (1.04) and TI85 
(0.95).  Shade had no significant effect on height (p = 0.1348), dry matter intake             








Interactions and correlations 
 
Interactions existed between shade and forage type in ADF, hemicellulose, 
digestible dry matter, and relative feed value.  It is apparent that forages respond 
differently to shade depending on shade tolerance and plant adaptability to lower 
photosynthate production.  ADF is a main variable, but hemicellulose, digestible dry 
matter, and relative feed value are calculated using NDF, ADF, CP, and other values.  
Although few forages demonstrated changes in these calculated factors, the cumulative 
effects of the main variables could be responsible for the ultimate significance of the 
calculated variables.   
Several correlations were revealed (Table 25).  Overall, RFV was negatively 
correlated to NDF (- 0.8227) and ADF (- 0.7917), degradables were positively correlated 
RFV (0.8227), and D/H was negatively correlated to NDF (- 0.8005).  Some of the 
mineral nutrients were positively correlated to height, and Mg and S were positively 
correlated to K.  Correlations between some variables are due to being included in 
calculations.  These include RFV, HEMI, and degradables.  However, mineral nutrients 










  Height (cm) NDF ADF DMI DDM RFV K 
RFV   -0.8227 -0.7917 0.8269 0.7953     
HEMI         0.6065     
DEG       0.9968   0.8227   
D/H   -0.8005   0.8073       
P 0.7083             
K 0.8798             
Mg 0.7820           0.7910 
S             0.7106 
 
Year  
 Year affected many of the forage parameters analyzed.  Table 26 summarizes the 
comparisons for the main forage quality parameters among the years.  Overall, year 1 was 
characterized by average weather and establishment growth (slower, less).  Year 2 
exhibited favorable weather and temperatures for production, and this is reflected in the 





Table 25.  Correlations among forage nutrient parameters, including height, neutral 
detertgent fiber (NDF), acid detergent fiber (ADF), dry matter intake (DMI), digestible 
dry matter (DDM), relative feed value (RFV), hemicellulose (HEMI), degradables 
(DEG), ratio of degradables to hemicellulose (D/H), phosphorus (P), potassium (K), 














1 vs 2 153.2 143.0 ˅ < 0.0001 
1 vs 3 153.2 111.7 ˅ < 0.0001 
2 vs 3 143.0 111.7 ˅ < 0.0001 
 
   
 
NDF    
 
1 vs 2 640.6 659.7 ˄ < 0.0001 
1 vs 3 640.6 612.8 ˅ < 0.0001 
2 vs 3 659.7 612.8 ˅ < 0.0001 
 
   
 
ADF    
 
1 vs 2 347.8 353.1 n/a   0.0515 
1 vs 3 347.8 334.8 ˅ < 0.0001 
2 vs 3 353.1 334.8 ˅ < 0.0001 
 
   
 
IVTD    
 
1 vs 2 679.1 648.2 ˅ < 0.0000 
1 vs 3 679.1 638.1 ˅ < 0.0001 
2 vs 3 648.2 638.1 ˅    0.0459 
 
Table 26.  Comparisons of major variables among years in this study, with applicable 




























Figure 27.  Crude protein (CP) content (g kg
-1
) of each forage type, in each 
year, regardless of shade status.   
Figure 28.  Neutral detergent fiber (NDF) content (g kg
-1
) of each forage 







Figure 29.  Acid detergent fiber (ADF) content (g kg
-1
) of each forage type, 
in each year, regardless of shade status.   
Figure 30.  In vitro true digestibility (IVTD) content (g kg
-1
) of each forage 
type, in each year, regardless of shade status.   
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Overall, CP increased significantly each year; NDF increased from year 1 to year 
2, but decreased from year 2 to year 3.  Year 3 was ultimately lower than year 1.  ADF 
remained the same in year 1 and year 2, but also decreased in year 3.  IVTD decreased 
each year.  The likely cause of the differences in forage parameters is time between 
clippings while height was still insufficient to cut, reduced growth due to unfavorable 
weather conditions such as excessive rain in year 3, or other factors that affected the 
environment in which the forage was growing.  It is highly likely that forage suffered 
nutrient deficiencies in year 3 due to timing of rainfall relative to fertilizer applications.   
 Figures 31, 32, and 33 show yield and precipitation for each month, for each year 
of the study.  Yields are calculated as total accumulated yield (tons) per month by all 






























Figure 31.  How yield and precipitation are related.  The data are from year 


























































Figure 32.  How yield and precipitation are related.  The data are from year 
2014, which was the best growth year in this study. 
 
Figure 33.  How yield and precipitation are related.  The data are from year 





A prediction model for in vitro true digestibility (IVTD) was developed from this 
study.  Near infrared reflectance spectroscopy (NIRS) values were used as reference 
IVTD values because of the greater stability of the values compared to chemical assays, 
and because of the ability to make forage comparisons from year to year, essentially from 
the same rumen fluid batch.  One of the weaknesses of chemical IVTD assays is the high 
variability among rumen fluid batches, and the subsequent inability to conduct direct 
comparisons among different analyses.  Using NIRS, calibrated on a wide range of 
relevant samples and rumen fluid batches, eliminates this issue and increases the 
usefulness of the resulting values from year to year for both producers and researchers.  
Additionally, units for this section were expressed in percent of dry matter (DM) by 
weight in order to be comparable with traditional laboratory methods and equations for 
TDN and various energy indices shown at the end of this section (Eqs. 4 – 11). 
NIRS uses measurements of light absorption based on sample composition, 
utilizing chemical bonds that are not apparent in wet lab detergent methods such as NDF 
and ADF.  Since NDF and ADF are not actual forage components like CP, but are the 
cumulative effects of total fibrous fractions, degradable either in an acid or a neutral 
detergent solution, the chemical structure of these components is highly variable and thus 
would contribute variably to the digestibility of a sample by ruminal microbes.  This 
means that quantitative NDF and ADF values, based strictly on measured portions of 
components, may fail to account for these differences.  Values that are derived from 
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chemical assays of digestibility, linked to the spectral wavelength of light waves that are 
absorbed or reflected by specific chemical bonds, may be better at evaluating these 
chemical differences compared to traditional total wet lab measurements 
The basic multiple linear regression model that was fit for IVTD using the data 
from this study was as follows: 
Yi = β0 + β1X1 + β2X2 + β3X3 + εi 
 
The simple linear IVTD model was initially fit with all basic, untransformed 
variables (CP, NDF, ADF), and with all interactions.  Samples consisted only of season 2 
samples to develop the calibration.  This resulted in poor fit statistics.   
When all untransformed variables were plotted against the response variable 
(IVTD), all variables appeared linearly correlated, except for CP, which was slightly 
curvilinear.  This was corrected by using the log natural of CP (Figure 34 a and b).  
 
Where:    
 Y i = IVTD (DM %) 
 X 1 = CP (DM %) 
 X 2 = NDF (DM %)  
 X 3 = ADF (DM %) 
 β0,1 = regression parameters that were estimated 
 εi   = error  
 i = i
th











































Figure 34 a and b.  Scattergram and regression equations showing the 
relationship between crude protein (CP) and in vitro true digestibility 
(IVTD) (a), and lnCP and IVTD (b).  
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Variables were analyzed again in the same fashion, and both the calibration and 
the validation fit statistics are presented in Table 27.  The final IVTD model that was fit 
and is the best choice for mixed WSG EXCEPT GAMA was as follows: 
[Equation 1]  IVTDi = 54.28 + (16.24 X1i) - (0.1333 X2i) - (0.5837 X3i) 
Where:     
Fit Statistic Calibration Fit Statistics Validation Fit Statistics 
R
2
 0.8869 0.7865 
RMSE (SEC) 2.0900 2.3800 
n 470 (season 2) 273 (random lab plus season 1) 
    
Predictions were good for samples that were above 7% CP, and for all warm 
season grasses except GAMA.  GAMA was removed from the calibration set and a 
separate equation was developed using only GAMA.  The best variables for the resulting 
warm season grasses only (WSG) equation (mixed WSG, season 2 samples) were lnCP, 
b0 = intercept 
X1i = lnCP 
X2i = NDF 
X3i = ADF 
i = i
th
 observation, (i = 1….470). 
 
 
Table 27.  Calibration and validation fit statistics for the in vitro true digestibility (IVTD) 
equation for warm season grasses (WSG) excluding gamagrass (GAMA).   
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NDF, and ADF.  All were significant and this set was least likely to over-fit the data.  
Further examination revealed that the errors of predictions in terms of biological 
importance were negligible, with RMSE = SEC (V) = approximately 2 – 3 percentage 
points. 
Validations were conducted (Figures 35 and 36) using unrelated samples from 
customer submissions to the SFASU Soil, Plant, and Water Analysis Laboratory, with 
some of the current season one samples, from this project, to increase the native grass 





The curvilinear (second order polynomial) relationship between the reference and 
calculated IVTD values suggested that more transformations of the explanatory and 
Figure 35.  Scattergram and regression equation showing the relationship between 
calculated and reference values of in vitro true digestibility (IVTD).   
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response variables should be sought.  Additional transformations were tried many times 
and did not improve the predictability without over-fitting the data.  The only variable 
that exhibited a non-linear relationship to IVTD was CP, and this was corrected by 
transformation to lnCP which improved both the calibration and validation fit statistics.  
The difference in reference and calculated values at the extreme ends may be caused by 
two main reasons. 
First, calculated predictions do not account for the threshold levels of CP for 
digestion.  A minimum level of CP is required for microbial fermentation and levels 
below approximately 7- 10% are known to be insufficient (NRC, 2006).  Predictions 
were adequate until CP reached 7% or less, at which point predictability dropped off 
considerably.  These samples were removed from the validation set.  Additionally, at a 
certain point, increased protein will no longer increase digestibility as energy (C) for 
ruminal microbial function becomes limiting. 
In this study, rumen fluid used to create the NIRS calibration was “fed” a buffer 
solution that included urea and other essential nutrients for microbial function.  With 
these supplements, the ruminal microbial populations would presumably not exhibit the 
same deleterious effects that they would if a cow consumed low-quality forage in the 
field.  Based on this logic, calculated values may actually be preferable to even NIRS 
values, which are thought to be better than chemical analyses for IVTD.  Calculated 
values will likely reflect the influence of low CP on digestibility more accurately than 
NIRS, since the NIRS values were derived from IVTD where microbes were 
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supplemented with N and other nutrients.  If NIRS values are used, they are useful for 
predictions of digestibility in that they “assume” a minimally sufficient CP diet.  So, if 
poor quality forage is fed, the IVTD value from NIRS will probably more accurately 
reflect the digestibility as it would be if supplemental protein were fed to ruminant 
animals, while calculated values will reflect the digestibility of the forage if no 
supplement is supplied.  This is an extrapolation, however, and would need to be verified 
with feeding trials.  Supplemental protein and minerals are already commonly used by 
producers, making this assumption relevant to predicted values.   
Secondly, some of the samples predicted poorly for no apparent reason.  This may 
indicate wet lab error, customer mislabeling of forage submissions, unidentifiable mixes, 
or intrinsic differences in particular samples making them outliers.  Despite this, these 






























 Figure 36.  Scattergram and regression equation showing the relationship between the 
reference in vitro true digestibility (IVTD) % and the calculated IVTD (%) values for 
warm season grasses (WSG) in this study except GAMA (Eq. 1).  
 
The same process of fitting the model was repeated for GAMA grass using lnCP, 
NDF, ADF (Equation 2).  ADF was found to be insignificant to the model for GAMA 
and was subsequently removed for this equation.   
The model for GAMA ONLY was as follows: 
[Equation 2]   IVTDi  =  52.60+ (20.04 X1i) - (0.7397 X2i) 
Where:     
b0 = intercept 
X1i = lnCP 
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The calibration and validation fit statistics are presented in Table 28, 29, and 30.  
Specific coefficients and P values for the GAMA equation are listed in Table 28. Table 
29 shows the coefficients of regression for mixed warm season grasses (WSG), and for 




Fit statistic Calibration Fit Statistics Validation Fit Statistics 
R
2
 0.8094 0.7887 
RMSE (SEC) 1.7300 1.4900 
n 103 (season 2 GAMA) 37 (season 1 GAMA) 
 
 
Table 29.  Specific variables that were utilized in the prediction of in vitro true 
digestibility (IVTD) in gamagrass samples only.  Each variable is listed along with the 
coefficient and the associated P value for significance (Eq. 2). 
 
GAMAgrass only                        Coefficients P-value 
Intercept                       52.5947 < 0.0001 
natlogCP                           20.0444 < 0.0001 
ndf                             -0.7397 < 0.0001 
 
Table 28.  Calibration and validation fit statistics for the in vitro true digestibility (IVTD) 
equation for gamagrass (GAMA) only (Eq. 2). 
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Table 30.  Predictor variables in each model with the associated coefficients of regression 
listed under the appropriate equation.   
 
Coefficients: WSG (Eq. 1) GAMA (Eq. 2) 
Intercept     54.2837 52.5948 
Nat log of cp     16.2414 20.0444 
ndf      -0.1333 -0.7397 
Adf      -0.5837      n/a 
 
It is apparent in examining the coefficients that, for the mixed warm season 
grasses equation called WSG, ADF was moderately important to the prediction of IVTD.  
However, ADF in GAMA grass did not significantly affect digestibility of the sample.  
This means that increasing ADF levels due to maturity or other factors in the field did not 
appear to affect the digestibility as it does in other warm season grasses.  Also, the use of 
NDF to make predictions is far more important to the prediction of GAMA IVTD based 
on visual examination of the high coefficient of regression in that equation compared to 
the low coefficient in the mixed grass equation.  This is expected in the absence of ADF 
for making predictions.  This is likely due to the highly variable nature of the chemical 
bonds within these forage fractions and the greater digestibility of gamagrass compared 
to other warm season grasses.  CP in gamagrass was also non-linear in its relationship to 
digestibility in GAMA, so this variable was transformed for the GAMA equation as well.  
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The residuals of the IVTD regression were then plotted and showed moderate scatter, 






























Figure 37.  Calibration residuals (reference – predicted) of prediction for in vitro true 
digestibility (IVTD) for warm season grasses (WSG) except Eastern gamagrass (GAMA) 
























Figure 38.  Validation residuals (reference – predicted) of prediction for in vitro true 
digestibility (IVTD) for warm season grasses (WSG) except Eastern gamagrass (GAMA) 
(Eq. 1).   
 
Next, IVTD was related to total digestible nutrients (TDN) in order to develop 
energy prediction capabilities from IVTD.  This resulted in good fit statistics with the 
ability to change the TDN equation for gamagrass or other potential outlier sample types 
by using the specific IVTD equation related to that sample type. 
The final TDN model that was fit and appropriate for all grasses (if correct IVTD 
calculation was used) was as follows: 
[Equation 3]     TDNi  =  (0.85)Xi 
Where:   
          X1i = IVTD calculated (see below) 
          i = i
th
 observation, (i = 1….103) 
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The GAMA equation (Eq. 2) for IVTD can be substituted for the IVTD WSG  
(Eq. 1) in the TDN equation (Eq. 3) in order to obtain accurate TDN values.  This is 
because of the linear relationship between the IVTD WSG (Eq. 1) based on measured 
forage constituents and the TDN equation (4) values which are calculated from 
essentially the same variables.     
IVTD calculated =  54.28 + (16.24*lnCP) - ( 0.1333*NDF) - ( 0.5837*ADF) 
[Equation 4]  TDN Arkansas = 111.8 + (0.95 * CP) – (0.70 * NDF) – (0.36 *ADF) 
The above Arkansas equation (4) is currently accepted as the warm season grass 
TDN prediction equation.  It correlates very well with the current TDN = 0.85 * IVTD 
calculated (Eq. 3).  The IVTD calculated and the reference IVTD values correlate well 
also.  The use of the commonly accepted TDN Arkansas equation for GAMA produced 
unrealistic values, such as TDN percentages in the 30s on high quality samples.  When 
the Arkansas TDN predictions for GAMA were replaced with the new current TDN 
equation (Eq. 3) that was built on calculated IVTD values, the resulting GAMA TDN 
values were much more realistic.   
The primary difference in the GAMA and other mixed WSG in this study seems 
to be the effect of ADF on sample quality.  GAMA seems to avoid the detrimental effects 
of ADF as indicated by the insignificance of this variable to the model.  In contrast, NDF 
seems to be the controlling factor in GAMA quality.  The highly variable nature of NDF 
digestibility was likely the reason behind this.  GAMA is known to maintain quality even 
with maturity, a trait that is due to the chemical composition of each forage fraction in 
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addition to the total amount of those fractions.  The major fraction responsible for these 
differences is lignin, since it has a highly complex and has an ambiguous structure that 
varies in different environmental conditions, and among different species of grasses.  
Also, the portion of NDF that is digestible varies among different species and cultivars, 
and among different environmental conditions.  This could explain the difference in the 
influence of NDF and ADF by different warm season grasses in this study. 
The validation of the TDN equation (Eq. 3) (0.85*IVTD calculated) developed in 
this study compared to Arkansas TDN (Eq. 4) values (Table 31).  The TDN equation 
(TDN = 0.85*IVTD calculated) uses the IVTD calculated values that were generated 
using the current equations for IVTD developed for warm season grasses (WSG, Eq. 1) 
and for GAMA (Eq. 2).  The linear correlation between the TDN equation (Eq. 3) and the 
new calculated IVTD (Eq. 1) was extremely high (R
2
 = 0.9586).  Arkansas (reference) 
TDN (Eq. 4) and the new calculated TDN (Eq. 3) values from this study had a Pearson’s 
correlation of 0.9773.   
Table 31.  Validation fit statistics for the total digestible nutrients (TDN) equation 
developed in this study; predicted variables were referenced to original Arkansas TDN 
values. 
 
Validation fit statistic   Value 
 R
2
      0.96 
 RMSE (SECv)      1.91 




Overall, it appears that typical IVTD values may be transformed to TDN values 
for use in published energy prediction equations (Equation numbers 5 - 11) by 
multiplying by 0.85.  When the calculated IVTD is used, this captures most of the 
variability seen in customer samples, but may predict more weakly on the extreme ends 
of the distribution, depending on whether or not supplements are fed in the field with low 
quality forage. 
Additionally, algebraic re-arrangement allows for the assignment of IVTD values 
to other samples, without scanning via NIRS or collecting rumen fluid, by using the 
equation IVTD = TDN/0.85.  This allows estimates of energy prediction using IVTD, and 
allows for prediction of IVTD based on TDN values.  To use this equation on low CP (≤ 
7 % DM by weight) samples in current laboratory analyses, a simple addition of 5% 
points to the CP value was determined to more accurately predict TDN.  This is 
reasonable because if supplemental protein is supplied to minimum threshold levels for 
microbial fermentation, the predicted TDN should be accurate, since the microbial 
function will be enhanced adequately to utilize the nutrients fed (Figure 39). 
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y original = 1.257x - 16.443
R² = 0.9283
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Figure 39.  Scattergram and regression equation showing fit lines before and after 
 correction for low crude protein (CP) (< 7%) samples.   
 
Residuals of the regression (Figure 40) display a distinct pattern, indicating 
substantial increased error on the low end of the range of CP.  This reflects the effects of 







































Old versus new residuals
corrected resids
 
Figure 40.  Scattergram showing residuals of regression before and after correction for 
low crude protein (CP) (≤ 7%) samples.   
 
 
Arkansas TDN values (Eq. 4) correlated very well to IVTD calculated (Eq. 3)  
values, and moderately well to reference IVTD values.  The relationship was linear 
between the two variables and the equations were very similar.  The published TDN 
equation (Arkansas) for warm season grasses was a linear equation that utilizes CP, NDF, 
and ADF.  The findings in the current study show that IVTD was calculated by using an 







New or modified equations are indicated with an *. 
1) *IVTDmixed grasses  =  54.28 + (16.24*lnCP) - (0.1333*NDF) - (0.5837*ADF) 
2) *IVTDgama only  =  52.60+ (20.04*lnCP) - (0.7397 * NDF) 
3) *TDNJodi  =  (0.85)*IVTD calculated 
4) TDNArkansas  = 111.8 – (0.95 * CP) – (0.70 * NDF) – (0.36 *ADF) 
5) *g DE lb-1 forage = (%TDNJodi  / 100) *453.6 
6) lbs TDN lb-1 forage = g DE lb-1 forage / 453.6 
7) *Digestible energy = Mcal DE lb-1 forage = (TDNJodi* 2) / 100 
8) Metabolizable energy = ME Mcal lb-1 forage = 0.82*( Mcal DE lb-1 forage) 
9) Net energy for lactation = Nel Mcal lb-1 forage = 0.50*( Mcal DE lb-1 forage) 
10) Net energy for maintenance = Nem Mcal lb-1 forage = 0.44*( Mcal DE lb-1) 
11) Net energy for gain = Neg Mcal lb-1 forage = 0.19*( Mcal DE lb-1 forage) 
Based on the results, it is apparent that a good prediction equation was developed 
for IVTD.  Errors of prediction were typically low, especially within the IVTD range 
commonly seen in local forages.  For research purposes, values on the ends of the 
distribution will likely become more common, and more validations should be conducted 
in order to assess whether new samples should be added to the calibration set.   
     The most important information derived from this portion of the study was the unique 
characteristics of GAMA that required a separate calibration.  Native grasses are 
frequently ignored as forage sources, but this study has demonstrated equal or superior 
quality values compared to the introduced species Tifton 9 bahiagrass and Tifton 85 
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bermudagrass.  Furthermore, general recommendations for management frequently group 
native grasses together, when in fact, differences are great among these species.  More 
specific equations need to be created that reveal and quantify the effects of various input 
factors in order to better understand how shifting to a system with native grasses will 
affect profit and gains, as well as the sustainability of the enterprise.  These new 
equations should be validated for accuracy of predicted average daily gain (ADG) values, 
and energy provisions by conducting feeding trials.   
It is also recommended that more validations of IVTD should be sought, but that 
comparisons should focus on the relative ordering of the samples over the specific values.  
With new rumen fluid batches it should still be possible to adjust the values in a linear 
fashion to reflect change in the rumen fluid compared to the fluid used to develop the 
NIRS calibration.  An exception to this would be if the new rumen fluid batch was 
significantly different in composition (bacteria, fungi, viruses) than the one used for 
reference IVTD, a problem that could be remediated by increasing replications in 
different batches of fluid, and by implementing a standardized diet to the donor cow for 
at least a week prior to collection of fluid.   
Overall, a useful equation has been developed that predicts IVTD based on typical 
chemical assays and subsequent derived values.  The accuracy of predicted IVTD, even 
up to 10 percentage points error, is considered acceptable by forage standards, but this 
study demonstrated much lower errors of prediction (2 -3 %).  Additionally, this study 
illuminated the importance of variation in the chemical structures of bonds pertinent to 
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the forage as a valuable feed for beef cattle or other ruminants, and that individual forage 
species can have dramatic differences in the complexity of the lignified portion of their 
fibrous fractions.  Since native grasses are very commonly grouped into one general 
category for management and quality purposes, potential benefits of each species are 
probably being underutilized at a time when producers could benefit the most.  Erratic 
weather patterns are becoming more prevalent, which places small producers at economic 
risk unless they can diversify production practices and become accustomed to using more 
adaptable plants such as native grasses.  The native grasses in this study were better than 
or equal to the introduced species, and there was variation among the native species.  
This is of direct concern for any producer that seeks to expand their enterprise to include 
native grasses, but does not have the information at hand necessary to make an informed 
decision; and although some research exists on using native plants as forage, it is not 
typically represented at the species level in the actual information material supplied to 
producers. 
Future research should focus on the “best” native forages first from this study.  
Individual species-level equations should be created using samples from different 
environments including partially shaded, and include predictions for IVTD and TDN that 
can be used to predict energy based on published equations.  Additionally, feeding trials 
should be conducted that validate the predicted energy values and daily gains, and 
corrections need to be made where possible.  This information needs to be updated for 




Digestibility, and nutrient content determine quality of forage, and both of these 
factors were improved under shade.  Micro-environments under partial shade were cooler 
and more moist which improves nutrient cycling, plant growth, beef cattle gains, and soil 
quality. Based on the results of this study, it is recommended that further research be 
completed on SWIT, GAMA, and BLUS.  Although the TIF9 was the most productive in 
this study, it is avoided by many producers because it tends to out-compete adjacent, 
higher quality fields.  Bahiagrass is known to quickly lose quality with maturity, and to 
produce seed heads early before harvestable yields have been achieved. This makes it 
difficult for producers who can either harvest early and get high quality and low yields, or 
harvest later and get higher yields of low quality forage. Further studies on the top native 
grass performers from this group should be conducted that include a grazing trial and 
various defoliation levels. It is recommended that further studies that focus on GAMA 
and PASP use lighter clipping or grazing intensities.   
Several warm season grasses, including native grasses, may be productive inputs 
to a silvopasture system; however, certain recommendations such as grazing intensity 
(grazing height and frequency) need to be evaluated more closely. Dry matter yields were 
lower but the overall possible beef cattle gains per individual animal were higher when 
estimated using Foragval (TAMU), a software calculator used to estimate beef cattle 
gains based on forage quality parameters.  If a sustainable, productive, and 
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environmentally beneficial production system could replace conventional agriculture on a 
large scale in the region, productivity could be improved.  This would be a positive 
benefit at a time when populations are increasing exponentially, placing strain on land 
and natural resources. 
This study focused primarily on the responses of various forages to partial (50%) 
shade.  In all, forage yields, as expected, were reduced due to the presence of shade, but 
overall quality was enhanced, which means that cattle grazing the forage would 
experience greater gains when no other factor was considered.  Additionally, it is known 
that reduced stress on beef cattle can directly affect their ability to gain weight, and ADG 
gains can, thus, be enhanced when microclimates are moderated by shade.  These 
assumptions must be tested in the field on a larger scale, and the primary forage 
candidates for silvopasture should be tested first.  The first choice for native grasses is 
SWIT, followed by INDY.  Other forages such as GAMA and PASP would likely have 
performed better if they were managed differently, such as cutting by days of rest instead 
of by height.  It is likely that they would be good inputs to a silvopasture system, 
although new studies need to be conducted.   
Regarding SWIT, the specific variety used in this study was ‘Alamo’.  The reason 
behind choosing this plant was because of the existence of the biofuels market.  It is 
known that SWIT is a great source of raw material for cellulosic biofuels.  However, the 
market in this region is new and unstable, and as a result, few producers have motivation 
to convert their acreage to production of this grass, unless it is shown to be a valuable 
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forage if it were necessary to convert to cattle production to increase profit, in the case of 
biofuels market decline.  This study showed that not only did SWIT meet or exceed 
typical introduced forage quality levels, the other native grasses in this study showed the 
same results in quality (though not necessarily production).  SWIT not only exhibited 
high yields under shade, quality was considered high to very high, and persistence under 
intensive defoliation was good even under shade.   
It is imperative that management scenarios are specific to forge type with native 
grasses, since defoliation frequencies are different for each species.  This study attempted 
to follow recommendations that would be encountered by the average producer.  It was 
noted that recommendations for native grasses were extremely similar if not identical, 
and that in the field, there were great differences in plant morphology that would alter 
management practices.  This is a severe inhibition to adoption by producers, if they 
follow these generic recommendations and, thus, experience failure and lost profits.  
Producers in the region are often very small-scale, and have a very low ability to 
financially recover from detrimental events.  Therefore, it is solely the responsibility of 
the agricultural and forestry research communities to align and determine correct 
management techniques for these grasses and for associated trees in a silvopasture 
system.  Much potential exists in the region for improvement of overall production per 
land unit area, while sustainably maintaining a long term income for the producer, and 
enhancing the economics in a region where rural areas suffer from financial instability.    
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Throughout the course of this project it was apparent that shade had a positive 
effect on soil temperature, and that there is the potential for improving production on 
marginal soils in East Texas using silvopasture.  The study was likely too brief to provide 
adequate significant differences in soil parameters.  Although differences were small in 
magnitude, they were indicative of the potential for improvement under shade.  It is 
important to note that the plots in this study were extremely small, the seeding rates and 
thus, the plant densities, were unrealistic, and the plot placing was very close.  These 
factors likely limited potential responses, due to their interaction with adjacent plots.  
Nutrients and moisture were likely relatively interactive since the close placement of the 
plots may have been within zones of lateral water flow, nutrient diffusion, or within the 
presence of adjacent plot roots.  These effects were not quantified in this study, but could 
be of importance.  This further demonstrates the need for a repeat of the study in a fully 
functioning silvopasture, with grazing animals, larger plot sizes, and realistic 
environmental conditions that properly address moisture competition among trees, soil 
responses to shade, and grazing cattle.  Additionally, it is important that further research 
attempt to quantify the increases, decreases, and other magnitudes of change, that may be 
different under partial shade structures compared to a legitimate silvopasture.  This study 
illuminated the potential for WSG, especially native grasses, to be an important, and 
often overlooked, component to a silvopasture in warm humid sub-tropical regions.   
 The additional benefits of shading include an increase in the time cattle spend 
grazing rather than loafing or otherwise not grazing.  They tend to seek shade in the 
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hottest parts of the day, and in conventional pastures, shade is restricted to very minimal 
areas, with no forage.  This further degrades the affected soil, lowers ADG, and overall 
reduces the productivity of the system.  If cattle are in a system with continuous partial 
shading as would be found in a silvopasture, they would graze relatively continuously.  
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Year Month Plot Forage Shade Yield (Mg ha
-1
) 
1 JULY 401 TIF9 0 0.75 
1 JUNE 401 TIF9 0 0.51 
1 MAY 401 TIF9 0 0.12 
1 OCTOBER 401 TIF9 0 0.11 
1 AUGUST 402 SWIT 0 0.17 
1 JULY 402 SWIT 0 0.34 
1 JUNE 402 SWIT 0 0.49 
1 MAY 402 SWIT 0 0.16 
1 SEPTEMBER 402 SWIT 0 0.20 
1 AUGUST 403 INDY 0 0.44 
1 JULY 403 INDY 0 0.23 
1 JUNE 403 INDY 0 0.66 
1 OCTOBER 403 INDY 0 0.09 
1 SEPTEMBER 403 INDY 0 0.28 
1 AUGUST 405 SWIT 1 0.44 
1 JULY 405 SWIT 1 0.30 
1 JUNE 405 SWIT 1 0.66 
1 MAY 405 SWIT 1 0.22 
1 SEPTEMBER 405 SWIT 1 0.82 
1 AUGUST 406 GAMA 0 0.64 
1 JULY 406 GAMA 0 0.25 
1 JUNE 406 GAMA 0 0.91 
1 OCTOBER 406 GAMA 0 0.19 
1 SEPTEMBER 406 GAMA 0 0.83 
1 AUGUST 407 TIF9 1 0.33 
1 JULY 407 TIF9 1 0.80 
1 JUNE 407 TIF9 1 1.14 
1 MAY 407 TIF9 1 0.24 
1 OCTOBER 407 TIF9 1 0.18 
1 SEPTEMBER 407 TIF9 1 0.75 
Table 32.  Yield (Mg ha-1) per plot, per cutting, for each year and month, in full 
sun and in 50% partial shade. 
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1 AUGUST 408 INDY 1 0.20 
1 JULY 408 INDY 1 0.46 
1 JUNE 408 INDY 1 0.54 
1 SEPTEMBER 408 INDY 1 0.30 
1 AUGUST 409 GAMA 1 0.22 
1 JULY 409 GAMA 1 0.27 
1 JUNE 409 GAMA 1 0.28 
1 SEPTEMBER 409 GAMA 1 0.26 
1 AUGUST 410 BLUS 0 0.12 
1 JULY 410 BLUS 0 0.10 
1 AUGUST 411 SWIT 1 0.83 
1 JULY 411 SWIT 1 0.39 
1 JUNE 411 SWIT 1 0.53 
1 MAY 411 SWIT 1 0.10 
1 SEPTEMBER 411 SWIT 1 0.25 
1 AUGUST 412 BLUS 0 0.22 
1 JULY 412 BLUS 0 0.23 
1 OCTOBER 412 BLUS 0 0.17 
1 AUGUST 413 TIF9 1 0.31 
1 JULY 413 TIF9 1 0.77 
1 JUNE 413 TIF9 1 1.43 
1 MAY 413 TIF9 1 0.57 
1 OCTOBER 413 TIF9 1 0.23 
1 SEPTEMBER 413 TIF9 1 0.54 
1 AUGUST 414 GAMA 0 0.49 
1 JULY 414 GAMA 0 0.47 
1 JUNE 414 GAMA 0 0.61 
1 OCTOBER 414 GAMA 0 0.13 
1 SEPTEMBER 414 GAMA 0 0.24 
1 AUGUST 415 SWIT 1 0.17 
1 JULY 415 SWIT 1 0.22 
1 JUNE 415 SWIT 1 0.40 
1 MAY 415 SWIT 1 0.16 
1 SEPTEMBER 415 SWIT 1 0.55 
1 AUGUST 417 GAMA 1 0.16 
1 JULY 417 GAMA 1 0.26 
1 JUNE 417 GAMA 1 0.42 
1 OCTOBER 417 GAMA 1 0.14 
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1 SEPTEMBER 417 GAMA 1 0.44 
1 JUNE 418 TI85 0 0.48 
1 AUGUST 419 TIF9 1 0.33 
1 JULY 419 TIF9 1 0.89 
1 JUNE 419 TIF9 1 0.86 
1 MAY 419 TIF9 1 0.29 
1 OCTOBER 419 TIF9 1 0.19 
1 SEPTEMBER 419 TIF9 1 1.15 
1 AUGUST 420 SWIT 1 0.78 
1 JULY 420 SWIT 1 0.34 
1 JUNE 420 SWIT 1 0.58 
1 MAY 420 SWIT 1 0.27 
1 SEPTEMBER 420 SWIT 1 0.14 
1 AUGUST 422 GAMA 1 0.29 
1 JULY 422 GAMA 1 0.28 
1 JUNE 422 GAMA 1 0.66 
1 OCTOBER 422 GAMA 1 0.10 
1 SEPTEMBER 422 GAMA 1 0.37 
1 AUGUST 424 INDY 0 0.18 
1 JULY 424 INDY 0 0.38 
1 JUNE 424 INDY 0 0.21 
1 SEPTEMBER 424 INDY 0 0.37 
1 AUGUST 425 SWIT 0 0.15 
1 JULY 425 SWIT 0 0.44 
1 JUNE 425 SWIT 0 0.60 
1 MAY 425 SWIT 0 0.34 
1 SEPTEMBER 425 SWIT 0 0.54 
1 AUGUST 426 PASP 1 0.31 
1 JULY 426 PASP 1 0.80 
1 JUNE 426 PASP 1 0.85 
1 SEPTEMBER 426 PASP 1 1.42 
1 AUGUST 428 PASP 0 1.01 
1 JULY 428 PASP 0 0.37 
1 JUNE 428 PASP 0 1.02 
1 SEPTEMBER 428 PASP 0 1.40 
1 AUGUST 430 SWIT 0 0.15 
1 JULY 430 SWIT 0 0.22 
1 JUNE 430 SWIT 0 0.42 
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1 MAY 430 SWIT 0 0.04 
1 SEPTEMBER 430 SWIT 0 0.78 
1 AUGUST 431 PASP 0 0.31 
1 JULY 431 PASP 0 0.51 
1 JUNE 431 PASP 0 1.22 
1 MAY 431 PASP 0 0.42 
1 OCTOBER 431 PASP 0 0.18 
1 SEPTEMBER 431 PASP 0 1.58 
1 AUGUST 432 GAMA 0 0.72 
1 JULY 432 GAMA 0 0.26 
1 JUNE 432 GAMA 0 1.05 
1 OCTOBER 432 GAMA 0 0.18 
1 SEPTEMBER 432 GAMA 0 0.98 
1 AUGUST 433 TIF9 0 0.30 
1 JULY 433 TIF9 0 0.88 
1 JUNE 433 TIF9 0 1.63 
1 MAY 433 TIF9 0 0.44 
1 OCTOBER 433 TIF9 0 0.28 
1 SEPTEMBER 433 TIF9 0 1.21 
1 AUGUST 434 TIF9 0 0.20 
1 JULY 434 TIF9 0 0.36 
1 JUNE 434 TIF9 0 0.51 
1 MAY 434 TIF9 0 0.09 
1 OCTOBER 434 TIF9 0 0.30 
1 SEPTEMBER 434 TIF9 0 0.66 
1 AUGUST 435 BLUS 1 0.06 
1 JULY 435 BLUS 1 0.17 
1 JUNE 435 BLUS 1 0.20 
1 OCTOBER 435 BLUS 1 0.12 
1 SEPTEMBER 435 BLUS 1 0.12 
1 AUGUST 436 PASP 1 0.20 
1 JULY 436 PASP 1 0.57 
1 JUNE 436 PASP 1 0.76 
1 SEPTEMBER 436 PASP 1 1.13 
1 AUGUST 437 PASP 0 0.20 
1 JULY 437 PASP 0 0.82 
1 JUNE 437 PASP 0 0.90 
1 SEPTEMBER 437 PASP 0 1.12 
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1 AUGUST 439 INDY 0 0.14 
1 JULY 439 INDY 0 0.32 
1 JUNE 439 INDY 0 0.33 
1 SEPTEMBER 439 INDY 0 0.48 
1 AUGUST 440 INDY 1 0.41 
1 JULY 440 INDY 1 0.17 
1 JUNE 440 INDY 1 0.19 
1 SEPTEMBER 440 INDY 1 0.21 
1 AUGUST 442 TIF9 1 0.22 
1 JULY 442 TIF9 1 0.87 
1 JUNE 442 TIF9 1 0.69 
1 MAY 442 TIF9 1 0.41 
1 OCTOBER 442 TIF9 1 0.17 
1 SEPTEMBER 442 TIF9 1 0.52 
1 AUGUST 443 BLUS 0 0.23 
1 JUNE 443 BLUS 0 0.71 
1 SEPTEMBER 443 BLUS 0 0.11 
1 AUGUST 445 SWIT 0 1.17 
1 JULY 445 SWIT 0 0.13 
1 JUNE 445 SWIT 0 0.35 
1 MAY 445 SWIT 0 0.18 
1 SEPTEMBER 445 SWIT 0 0.38 
1 AUGUST 447 GAMA 0 0.25 
1 JULY 447 GAMA 0 0.31 
1 JUNE 447 GAMA 0 0.28 
1 OCTOBER 447 GAMA 0 0.11 
1 SEPTEMBER 447 GAMA 0 0.44 
1 AUGUST 448 SWIT 1 0.30 
1 JULY 448 SWIT 1 0.20 
1 JUNE 448 SWIT 1 0.29 
1 MAY 448 SWIT 1 0.12 
1 SEPTEMBER 448 SWIT 1 0.40 
1 JULY 449 TIF9 0 0.65 
1 JUNE 449 TIF9 0 0.31 
1 MAY 449 TIF9 0 0.07 
1 OCTOBER 449 TIF9 0 0.30 
1 SEPTEMBER 449 TIF9 0 0.38 
1 JULY 450 TIF9 0 0.54 
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1 JUNE 450 TIF9 0 0.38 
1 MAY 450 TIF9 0 0.12 
1 OCTOBER 450 TIF9 0 0.28 
1 SEPTEMBER 450 TIF9 0 0.45 
1 JULY 451 PASP 0 0.46 
1 JUNE 451 PASP 0 0.22 
1 SEPTEMBER 451 PASP 0 0.72 
1 AUGUST 453 BLUS 0 0.10 
1 JULY 453 BLUS 0 0.05 
1 OCTOBER 453 BLUS 0 0.11 
1 AUGUST 454 INDY 1 0.22 
1 JULY 454 INDY 1 0.45 
1 JUNE 454 INDY 1 0.79 
1 SEPTEMBER 454 INDY 1 0.79 
1 AUGUST 455 SWIT 1 0.28 
1 JULY 455 SWIT 1 0.21 
1 JUNE 455 SWIT 1 0.34 
1 MAY 455 SWIT 1 0.26 
1 SEPTEMBER 455 SWIT 1 0.66 
1 JULY 456 TIF9 0 1.52 
1 JUNE 456 TIF9 0 1.05 
1 MAY 456 TIF9 0 0.45 
1 OCTOBER 456 TIF9 0 0.29 
1 SEPTEMBER 456 TIF9 0 2.41 
1 AUGUST 457 PASP 1 0.21 
1 JULY 457 PASP 1 0.48 
1 JUNE 457 PASP 1 0.69 
1 SEPTEMBER 457 PASP 1 0.44 
1 JULY 458 BLUS 1 0.19 
1 JUNE 458 BLUS 1 0.19 
1 SEPTEMBER 459 GAMA 0 0.23 
1 JULY 461 GAMA 0 0.16 
1 AUGUST 462 PASP 1 0.16 
1 JULY 462 PASP 1 0.68 
1 JUNE 462 PASP 1 0.70 
1 SEPTEMBER 462 PASP 1 0.53 
1 AUGUST 463 INDY 1 0.24 
1 JULY 463 INDY 1 0.41 
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1 JUNE 463 INDY 1 0.69 
1 SEPTEMBER 463 INDY 1 0.32 
1 AUGUST 464 INDY 1 0.11 
1 JULY 464 INDY 1 0.32 
1 JUNE 464 INDY 1 0.46 
1 MAY 464 INDY 1 0.14 
1 OCTOBER 464 INDY 1 0.13 
1 SEPTEMBER 464 INDY 1 0.21 
1 AUGUST 465 GAMA 1 0.29 
1 JULY 465 GAMA 1 0.27 
1 JUNE 465 GAMA 1 0.27 
1 OCTOBER 465 GAMA 1 0.15 
1 SEPTEMBER 465 GAMA 1 0.24 
1 AUGUST 466 SWIT 0 0.19 
1 JULY 466 SWIT 0 0.34 
1 JUNE 466 SWIT 0 0.64 
1 MAY 466 SWIT 0 0.33 
1 SEPTEMBER 466 SWIT 0 0.90 
1 AUGUST 467 INDY 0 0.57 
1 JULY 467 INDY 0 0.53 
1 JUNE 467 INDY 0 0.56 
1 SEPTEMBER 467 INDY 0 0.82 
1 AUGUST 468 GAMA 1 0.18 
1 JULY 468 GAMA 1 0.40 
1 JUNE 468 GAMA 1 0.48 
1 SEPTEMBER 468 GAMA 1 0.68 
1 AUGUST 469 TIF9 1 0.35 
1 JULY 469 TIF9 1 1.05 
1 JUNE 469 TIF9 1 1.88 
1 MAY 469 TIF9 1 0.59 
1 OCTOBER 469 TIF9 1 0.19 
1 SEPTEMBER 469 TIF9 1 0.81 
1 OCTOBER 471 TI85 0 0.30 
1 AUGUST 473 PASP 1 0.25 
1 JULY 473 PASP 1 0.27 
1 JUNE 473 PASP 1 1.27 
1 MAY 473 PASP 1 0.27 
1 SEPTEMBER 473 PASP 1 0.73 
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1 AUGUST 474 GAMA 1 0.29 
1 JULY 474 GAMA 1 0.08 
1 JUNE 474 GAMA 1 0.14 
1 OCTOBER 474 GAMA 1 0.12 
1 SEPTEMBER 474 GAMA 1 0.22 
1 AUGUST 475 TIF9 1 0.29 
1 JULY 475 TIF9 1 0.72 
1 JUNE 475 TIF9 1 1.13 
1 MAY 475 TIF9 1 0.42 
1 OCTOBER 475 TIF9 1 0.25 
1 SEPTEMBER 475 TIF9 1 0.76 
1 AUGUST 479 SWIT 0 0.24 
1 JULY 479 SWIT 0 0.50 
1 JUNE 479 SWIT 0 1.02 
1 MAY 479 SWIT 0 0.84 
1 OCTOBER 479 SWIT 0 0.05 
1 SEPTEMBER 479 SWIT 0 0.54 
1 AUGUST 480 INDY 0 0.25 
1 JULY 480 INDY 0 0.55 
1 JUNE 480 INDY 0 0.84 
1 MAY 480 INDY 0 0.17 
1 OCTOBER 480 INDY 0 0.23 
1 SEPTEMBER 480 INDY 0 0.41 
1 OCTOBER 481 TI85 1 0.09 
1 AUGUST 482 BLUS 1 0.15 
1 JULY 482 BLUS 1 0.38 
1 JUNE 482 BLUS 1 0.27 
1 OCTOBER 482 BLUS 1 0.11 
1 AUGUST 483 BLUS 1 0.19 
1 JULY 483 BLUS 1 0.33 
1 JUNE 483 BLUS 1 0.30 
1 AUGUST 484 PASP 0 0.43 
1 JULY 484 PASP 0 0.68 
1 JUNE 484 PASP 0 0.36 
1 SEPTEMBER 484 PASP 0 0.87 
1 AUGUST 486 BLUS 1 0.15 
1 JULY 486 BLUS 1 0.15 
1 JUNE 486 BLUS 1 0.16 
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1 OCTOBER 486 BLUS 1 0.05 
1 AUGUST 487 BLUS 1 0.13 
1 JULY 487 BLUS 1 0.24 
1 JUNE 487 BLUS 1 0.48 
1 OCTOBER 487 BLUS 1 0.10 
1 AUGUST 489 INDY 1 0.21 
1 JULY 489 INDY 1 0.41 
1 JUNE 489 INDY 1 0.99 
1 MAY 489 INDY 1 0.21 
1 OCTOBER 489 INDY 1 0.17 
1 SEPTEMBER 489 INDY 1 0.72 
1 AUGUST 490 PASP 0 1.17 
1 JULY 490 PASP 0 0.49 
1 JUNE 490 PASP 0 0.75 
1 OCTOBER 490 PASP 0 0.17 
1 SEPTEMBER 490 PASP 0 0.21 
1 AUGUST 491 BLUS 0 0.13 
1 JULY 491 BLUS 0 0.10 
1 JUNE 491 BLUS 0 0.29 
1 OCTOBER 491 BLUS 0 0.09 
1 AUGUST 492 INDY 0 0.47 
1 JULY 492 INDY 0 0.37 
1 JUNE 492 INDY 0 0.43 
1 OCTOBER 492 INDY 0 0.18 
1 SEPTEMBER 492 INDY 0 0.55 
1 AUGUST 494 BLUS 0 0.11 
1 JULY 494 BLUS 0 0.31 
1 JUNE 494 BLUS 0 0.20 
1 OCTOBER 494 BLUS 0 0.05 
1 AUGUST 496 PASP 1 0.34 
1 JULY 496 PASP 1 0.54 
1 JUNE 496 PASP 1 0.92 
1 OCTOBER 496 PASP 1 0.08 
1 SEPTEMBER 496 PASP 1 0.90 
2 JULY 401 TIF9 0 2.55 
2 JUNE 401 TIF9 0 2.07 
2 MAY 401 TIF9 0 0.93 
2 OCTOBER 401 TIF9 0 3.61 
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2 APRIL 402 SWIT 0 0.28 
2 JULY 402 SWIT 0 0.79 
2 JUNE 402 SWIT 0 0.80 
2 MAY 402 SWIT 0 0.59 
2 OCTOBER 402 SWIT 0 1.61 
2 AUGUST 403 INDY 0 0.51 
2 JULY 403 INDY 0 1.72 
2 JUNE 403 INDY 0 0.87 
2 MAY 403 INDY 0 1.13 
2 OCTOBER 403 INDY 0 2.19 
2 SEPTEMBER 403 INDY 0 0.68 
2 APRIL 405 SWIT 1 0.18 
2 AUGUST 405 SWIT 1 0.50 
2 JULY 405 SWIT 1 0.38 
2 JUNE 405 SWIT 1 0.65 
2 MAY 405 SWIT 1 0.22 
2 OCTOBER 405 SWIT 1 1.16 
2 APRIL 406 GAMA 0 0.38 
2 AUGUST 406 GAMA 0 0.73 
2 JULY 406 GAMA 0 3.48 
2 JUNE 406 GAMA 0 1.13 
2 MAY 406 GAMA 0 1.73 
2 OCTOBER 406 GAMA 0 3.81 
2 SEPTEMBER 406 GAMA 0 1.10 
2 AUGUST 407 TIF9 1 1.15 
2 JULY 407 TIF9 1 2.63 
2 JUNE 407 TIF9 1 1.28 
2 MAY 407 TIF9 1 0.91 
2 OCTOBER 407 TIF9 1 3.66 
2 APRIL 408 INDY 1 0.16 
2 AUGUST 408 INDY 1 0.81 
2 JULY 408 INDY 1 0.54 
2 JUNE 408 INDY 1 0.99 
2 MAY 408 INDY 1 0.48 
2 OCTOBER 408 INDY 1 1.48 
2 SEPTEMBER 408 INDY 1 0.33 
2 APRIL 409 GAMA 1 0.44 
2 AUGUST 409 GAMA 1 0.71 
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2 JULY 409 GAMA 1 0.77 
2 JUNE 409 GAMA 1 1.21 
2 MAY 409 GAMA 1 1.45 
2 OCTOBER 409 GAMA 1 2.44 
2 SEPTEMBER 409 GAMA 1 0.89 
2 AUGUST 410 BLUS 0 0.53 
2 JULY 410 BLUS 0 0.69 
2 JUNE 410 BLUS 0 0.86 
2 MAY 410 BLUS 0 0.24 
2 OCTOBER 410 BLUS 0 1.39 
2 APRIL 411 SWIT 1 0.16 
2 AUGUST 411 SWIT 1 0.27 
2 JULY 411 SWIT 1 0.35 
2 JUNE 411 SWIT 1 0.70 
2 MAY 411 SWIT 1 0.39 
2 OCTOBER 411 SWIT 1 1.19 
2 APRIL 412 BLUS 0 0.30 
2 AUGUST 412 BLUS 0 0.48 
2 JULY 412 BLUS 0 2.84 
2 JUNE 412 BLUS 0 1.15 
2 MAY 412 BLUS 0 0.63 
2 OCTOBER 412 BLUS 0 2.89 
2 AUGUST 413 TIF9 1 1.21 
2 JULY 413 TIF9 1 3.55 
2 JUNE 413 TIF9 1 1.23 
2 MAY 413 TIF9 1 1.28 
2 OCTOBER 413 TIF9 1 2.34 
2 SEPTEMBER 413 TIF9 1 5.25 
2 APRIL 414 GAMA 0 0.43 
2 AUGUST 414 GAMA 0 0.56 
2 JULY 414 GAMA 0 2.21 
2 JUNE 414 GAMA 0 1.12 
2 MAY 414 GAMA 0 1.14 
2 OCTOBER 414 GAMA 0 3.74 
2 APRIL 415 SWIT 1 0.09 
2 AUGUST 415 SWIT 1 0.45 
2 JULY 415 SWIT 1 0.44 
2 JUNE 415 SWIT 1 0.49 
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2 MAY 415 SWIT 1 0.34 
2 OCTOBER 415 SWIT 1 1.18 
2 AUGUST 416 TI85 0 0.98 
2 JUNE 416 TI85 0 0.21 
2 MAY 416 TI85 0 0.39 
2 OCTOBER 416 TI85 0 1.71 
2 APRIL 417 GAMA 1 0.68 
2 AUGUST 417 GAMA 1 0.34 
2 JULY 417 GAMA 1 2.39 
2 JUNE 417 GAMA 1 0.25 
2 MAY 417 GAMA 1 0.91 
2 OCTOBER 417 GAMA 1 2.85 
2 AUGUST 418 TI85 0 0.62 
2 OCTOBER 418 TI85 0 0.28 
2 JULY 419 TIF9 1 2.73 
2 JUNE 419 TIF9 1 0.99 
2 MAY 419 TIF9 1 0.96 
2 OCTOBER 419 TIF9 1 3.28 
2 AUGUST 420 SWIT 1 1.58 
2 JULY 420 SWIT 1 0.25 
2 JUNE 420 SWIT 1 0.27 
2 MAY 420 SWIT 1 0.30 
2 OCTOBER 420 SWIT 1 1.24 
2 JUNE 421 TI85 1 0.38 
2 OCTOBER 421 TI85 1 1.05 
2 APRIL 422 GAMA 1 0.73 
2 AUGUST 422 GAMA 1 0.27 
2 JULY 422 GAMA 1 1.62 
2 JUNE 422 GAMA 1 0.67 
2 MAY 422 GAMA 1 0.98 
2 OCTOBER 422 GAMA 1 2.55 
2 AUGUST 424 INDY 0 0.46 
2 JULY 424 INDY 0 0.76 
2 JUNE 424 INDY 0 0.98 
2 MAY 424 INDY 0 0.40 
2 OCTOBER 424 INDY 0 1.16 
2 APRIL 425 SWIT 0 0.64 
2 AUGUST 425 SWIT 0 0.56 
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2 JULY 425 SWIT 0 0.89 
2 JUNE 425 SWIT 0 1.67 
2 MAY 425 SWIT 0 1.84 
2 OCTOBER 425 SWIT 0 3.50 
2 AUGUST 426 PASP 1 0.91 
2 JULY 426 PASP 1 0.43 
2 JUNE 426 PASP 1 0.89 
2 MAY 426 PASP 1 1.99 
2 OCTOBER 426 PASP 1 2.48 
2 AUGUST 428 PASP 0 1.00 
2 JUNE 428 PASP 0 0.74 
2 MAY 428 PASP 0 1.69 
2 OCTOBER 428 PASP 0 1.97 
2 AUGUST 429 TI85 1 1.15 
2 JUNE 429 TI85 1 0.08 
2 OCTOBER 429 TI85 1 1.63 
2 JULY 430 SWIT 0 0.73 
2 JUNE 430 SWIT 0 0.85 
2 MAY 430 SWIT 0 0.69 
2 OCTOBER 430 SWIT 0 2.37 
2 AUGUST 431 PASP 0 0.63 
2 JULY 431 PASP 0 3.01 
2 JUNE 431 PASP 0 0.74 
2 MAY 431 PASP 0 0.36 
2 OCTOBER 431 PASP 0 2.69 
2 APRIL 432 GAMA 0 0.72 
2 JULY 432 GAMA 0 3.37 
2 JUNE 432 GAMA 0 1.10 
2 MAY 432 GAMA 0 1.41 
2 OCTOBER 432 GAMA 0 6.05 
2 AUGUST 433 TIF9 0 1.44 
2 JULY 433 TIF9 0 3.98 
2 JUNE 433 TIF9 0 2.95 
2 MAY 433 TIF9 0 1.26 
2 OCTOBER 433 TIF9 0 6.10 
2 JULY 434 TIF9 0 4.93 
2 JUNE 434 TIF9 0 2.00 
2 MAY 434 TIF9 0 1.04 
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2 OCTOBER 434 TIF9 0 5.23 
2 JULY 435 BLUS 1 1.84 
2 JUNE 435 BLUS 1 0.79 
2 MAY 435 BLUS 1 0.43 
2 OCTOBER 435 BLUS 1 1.82 
2 JULY 436 PASP 1 0.34 
2 JUNE 436 PASP 1 0.76 
2 MAY 436 PASP 1 0.86 
2 OCTOBER 436 PASP 1 1.28 
2 JULY 437 PASP 0 0.28 
2 JUNE 437 PASP 0 1.33 
2 MAY 437 PASP 0 0.70 
2 OCTOBER 437 PASP 0 1.53 
2 APRIL 439 INDY 0 0.25 
2 AUGUST 439 INDY 0 0.63 
2 JULY 439 INDY 0 0.54 
2 JUNE 439 INDY 0 1.30 
2 MAY 439 INDY 0 0.48 
2 OCTOBER 439 INDY 0 1.85 
2 SEPTEMBER 439 INDY 0 0.94 
2 AUGUST 440 INDY 1 0.38 
2 JULY 440 INDY 1 0.40 
2 JUNE 440 INDY 1 0.39 
2 MAY 440 INDY 1 0.15 
2 OCTOBER 440 INDY 1 0.59 
2 AUGUST 442 TIF9 1 1.11 
2 JULY 442 TIF9 1 2.54 
2 JUNE 442 TIF9 1 1.36 
2 MAY 442 TIF9 1 1.76 
2 OCTOBER 442 TIF9 1 4.81 
2 AUGUST 443 BLUS 0 0.42 
2 JULY 443 BLUS 0 0.70 
2 JUNE 443 BLUS 0 1.31 
2 MAY 443 BLUS 0 0.24 
2 OCTOBER 443 BLUS 0 2.00 
2 APRIL 445 SWIT 0 0.39 
2 JULY 445 SWIT 0 0.56 
2 JUNE 445 SWIT 0 0.72 
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2 MAY 445 SWIT 0 0.60 
2 OCTOBER 445 SWIT 0 1.91 
2 APRIL 447 GAMA 0 0.31 
2 JULY 447 GAMA 0 1.71 
2 JUNE 447 GAMA 0 0.96 
2 MAY 447 GAMA 0 0.46 
2 OCTOBER 447 GAMA 0 3.40 
2 APRIL 448 SWIT 1 0.12 
2 AUGUST 448 SWIT 1 0.27 
2 JULY 448 SWIT 1 0.36 
2 JUNE 448 SWIT 1 0.86 
2 MAY 448 SWIT 1 0.36 
2 OCTOBER 448 SWIT 1 1.50 
2 AUGUST 449 TIF9 0 1.23 
2 JULY 449 TIF9 0 3.91 
2 JUNE 449 TIF9 0 2.15 
2 MAY 449 TIF9 0 0.75 
2 OCTOBER 449 TIF9 0 5.16 
2 AUGUST 450 TIF9 0 1.43 
2 JULY 450 TIF9 0 3.70 
2 JUNE 450 TIF9 0 2.15 
2 MAY 450 TIF9 0 0.86 
2 OCTOBER 450 TIF9 0 5.11 
2 AUGUST 451 PASP 0 0.55 
2 JULY 451 PASP 0 0.72 
2 JUNE 451 PASP 0 1.22 
2 OCTOBER 451 PASP 0 1.92 
2 AUGUST 453 BLUS 0 0.66 
2 JULY 453 BLUS 0 1.48 
2 JUNE 453 BLUS 0 0.48 
2 MAY 453 BLUS 0 0.13 
2 OCTOBER 453 BLUS 0 1.85 
2 APRIL 454 INDY 1 0.31 
2 AUGUST 454 INDY 1 0.57 
2 JULY 454 INDY 1 0.75 
2 JUNE 454 INDY 1 0.88 
2 MAY 454 INDY 1 0.66 
2 OCTOBER 454 INDY 1 2.01 
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2 SEPTEMBER 454 INDY 1 1.33 
2 APRIL 455 SWIT 1 0.19 
2 JULY 455 SWIT 1 0.75 
2 JUNE 455 SWIT 1 0.48 
2 MAY 455 SWIT 1 0.39 
2 OCTOBER 455 SWIT 1 1.06 
2 SEPTEMBER 455 SWIT 1 0.58 
2 AUGUST 456 TIF9 0 0.61 
2 JULY 456 TIF9 0 4.39 
2 JUNE 456 TIF9 0 1.65 
2 MAY 456 TIF9 0 1.07 
2 OCTOBER 456 TIF9 0 3.45 
2 JULY 457 PASP 1 0.45 
2 JUNE 457 PASP 1 0.69 
2 MAY 457 PASP 1 0.45 
2 OCTOBER 457 PASP 1 1.05 
2 SEPTEMBER 457 PASP 1 0.76 
2 APRIL 458 BLUS 1 0.21 
2 AUGUST 458 BLUS 1 0.30 
2 JULY 458 BLUS 1 0.32 
2 JUNE 458 BLUS 1 0.83 
2 MAY 458 BLUS 1 0.29 
2 OCTOBER 458 BLUS 1 0.98 
2 SEPTEMBER 458 BLUS 1 0.26 
2 AUGUST 459 GAMA 0 0.44 
2 JULY 459 GAMA 0 0.44 
2 JUNE 459 GAMA 0 0.60 
2 MAY 459 GAMA 0 0.70 
2 OCTOBER 459 GAMA 0 1.46 
2 SEPTEMBER 459 GAMA 0 1.09 
2 AUGUST 460 TI85 0 1.36 
2 JUNE 460 TI85 0 1.10 
2 OCTOBER 460 TI85 0 2.39 
2 SEPTEMBER 460 TI85 0 2.91 
2 AUGUST 461 GAMA 0 0.43 
2 JULY 461 GAMA 0 0.56 
2 JUNE 461 GAMA 0 0.53 
2 MAY 461 GAMA 0 0.52 
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2 OCTOBER 461 GAMA 0 1.40 
2 SEPTEMBER 461 GAMA 0 1.11 
2 JULY 462 PASP 1 0.19 
2 JUNE 462 PASP 1 0.87 
2 MAY 462 PASP 1 0.40 
2 OCTOBER 462 PASP 1 0.82 
2 SEPTEMBER 462 PASP 1 0.37 
2 APRIL 463 INDY 1 0.36 
2 AUGUST 463 INDY 1 0.37 
2 JULY 463 INDY 1 0.62 
2 JUNE 463 INDY 1 0.94 
2 MAY 463 INDY 1 0.63 
2 OCTOBER 463 INDY 1 1.60 
2 SEPTEMBER 463 INDY 1 0.66 
2 APRIL 464 INDY 1 0.27 
2 AUGUST 464 INDY 1 0.62 
2 JULY 464 INDY 1 1.58 
2 JUNE 464 INDY 1 0.61 
2 MAY 464 INDY 1 0.32 
2 OCTOBER 464 INDY 1 1.76 
2 SEPTEMBER 464 INDY 1 0.54 
2 APRIL 465 GAMA 1 0.32 
2 AUGUST 465 GAMA 1 0.57 
2 JULY 465 GAMA 1 1.96 
2 JUNE 465 GAMA 1 0.62 
2 MAY 465 GAMA 1 1.31 
2 OCTOBER 465 GAMA 1 2.37 
2 SEPTEMBER 465 GAMA 1 0.54 
2 APRIL 466 SWIT 0 0.27 
2 AUGUST 466 SWIT 0 0.29 
2 JULY 466 SWIT 0 0.87 
2 JUNE 466 SWIT 0 0.87 
2 MAY 466 SWIT 0 1.34 
2 OCTOBER 466 SWIT 0 1.62 
2 APRIL 467 INDY 0 0.30 
2 AUGUST 467 INDY 0 1.05 
2 JULY 467 INDY 0 1.12 
2 JUNE 467 INDY 0 1.57 
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2 MAY 467 INDY 0 0.70 
2 OCTOBER 467 INDY 0 2.97 
2 SEPTEMBER 467 INDY 0 1.90 
2 APRIL 468 GAMA 1 0.46 
2 AUGUST 468 GAMA 1 1.36 
2 JULY 468 GAMA 1 0.83 
2 JUNE 468 GAMA 1 1.04 
2 MAY 468 GAMA 1 1.95 
2 OCTOBER 468 GAMA 1 3.11 
2 SEPTEMBER 468 GAMA 1 1.33 
2 AUGUST 469 TIF9 1 1.02 
2 JULY 469 TIF9 1 2.71 
2 JUNE 469 TIF9 1 2.17 
2 MAY 469 TIF9 1 1.59 
2 OCTOBER 469 TIF9 1 3.34 
2 AUGUST 471 TI85 0 1.30 
2 JULY 471 TI85 0 3.27 
2 JUNE 471 TI85 0 1.44 
2 OCTOBER 471 TI85 0 2.68 
2 AUGUST 473 PASP 1 0.52 
2 JUNE 473 PASP 1 1.23 
2 MAY 473 PASP 1 0.29 
2 OCTOBER 473 PASP 1 1.06 
2 SEPTEMBER 473 PASP 1 0.34 
2 APRIL 474 GAMA 1 0.18 
2 AUGUST 474 GAMA 1 0.52 
2 JULY 474 GAMA 1 1.60 
2 JUNE 474 GAMA 1 0.81 
2 MAY 474 GAMA 1 0.76 
2 OCTOBER 474 GAMA 1 2.05 
2 SEPTEMBER 474 GAMA 1 0.72 
2 AUGUST 475 TIF9 1 1.08 
2 JULY 475 TIF9 1 3.57 
2 JUNE 475 TIF9 1 1.26 
2 MAY 475 TIF9 1 0.99 
2 OCTOBER 475 TIF9 1 3.08 
2 APRIL 479 SWIT 0 0.27 
2 JULY 479 SWIT 0 0.69 
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2 JUNE 479 SWIT 0 0.63 
2 MAY 479 SWIT 0 0.63 
2 OCTOBER 479 SWIT 0 1.46 
2 SEPTEMBER 479 SWIT 0 1.05 
2 APRIL 480 INDY 0 0.44 
2 AUGUST 480 INDY 0 1.17 
2 JULY 480 INDY 0 2.89 
2 JUNE 480 INDY 0 0.91 
2 MAY 480 INDY 0 0.68 
2 OCTOBER 480 INDY 0 3.21 
2 SEPTEMBER 480 INDY 0 1.09 
2 AUGUST 481 TI85 1 0.54 
2 JULY 481 TI85 1 0.87 
2 JUNE 481 TI85 1 0.27 
2 OCTOBER 481 TI85 1 0.75 
2 APRIL 482 BLUS 1 0.24 
2 AUGUST 482 BLUS 1 0.68 
2 JULY 482 BLUS 1 1.54 
2 JUNE 482 BLUS 1 0.59 
2 MAY 482 BLUS 1 0.33 
2 OCTOBER 482 BLUS 1 1.66 
2 SEPTEMBER 482 BLUS 1 0.34 
2 APRIL 483 BLUS 1 0.23 
2 AUGUST 483 BLUS 1 0.32 
2 JUNE 483 BLUS 1 0.87 
2 MAY 483 BLUS 1 0.31 
2 OCTOBER 483 BLUS 1 0.77 
2 AUGUST 484 PASP 0 0.40 
2 JUNE 484 PASP 0 1.02 
2 MAY 484 PASP 0 0.66 
2 OCTOBER 484 PASP 0 1.17 
2 SEPTEMBER 484 PASP 0 0.55 
2 APRIL 486 BLUS 1 0.17 
2 AUGUST 486 BLUS 1 0.39 
2 JULY 486 BLUS 1 0.62 
2 JUNE 486 BLUS 1 0.37 
2 MAY 486 BLUS 1 0.20 
2 OCTOBER 486 BLUS 1 0.78 
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2 APRIL 487 BLUS 1 0.38 
2 AUGUST 487 BLUS 1 0.47 
2 JULY 487 BLUS 1 1.02 
2 JUNE 487 BLUS 1 0.82 
2 MAY 487 BLUS 1 0.18 
2 OCTOBER 487 BLUS 1 1.28 
2 AUGUST 488 TI85 1 1.27 
2 OCTOBER 488 TI85 1 0.57 
2 APRIL 489 INDY 1 0.46 
2 AUGUST 489 INDY 1 1.02 
2 JULY 489 INDY 1 2.19 
2 JUNE 489 INDY 1 0.64 
2 MAY 489 INDY 1 0.76 
2 OCTOBER 489 INDY 1 2.86 
2 SEPTEMBER 489 INDY 1 1.33 
2 AUGUST 490 PASP 0 1.21 
2 JULY 490 PASP 0 2.99 
2 JUNE 490 PASP 0 0.98 
2 MAY 490 PASP 0 1.40 
2 OCTOBER 490 PASP 0 3.47 
2 SEPTEMBER 490 PASP 0 1.20 
2 APRIL 491 BLUS 0 0.39 
2 AUGUST 491 BLUS 0 0.93 
2 JULY 491 BLUS 0 1.14 
2 JUNE 491 BLUS 0 1.42 
2 MAY 491 BLUS 0 0.17 
2 OCTOBER 491 BLUS 0 1.89 
2 SEPTEMBER 491 BLUS 0 0.19 
2 APRIL 492 INDY 0 0.37 
2 AUGUST 492 INDY 0 1.16 
2 JULY 492 INDY 0 2.01 
2 JUNE 492 INDY 0 1.38 
2 MAY 492 INDY 0 0.70 
2 OCTOBER 492 INDY 0 3.18 
2 SEPTEMBER 492 INDY 0 1.50 
2 AUGUST 493 TI85 0 0.93 
2 OCTOBER 493 TI85 0 0.90 
2 SEPTEMBER 493 TI85 0 1.08 
254 
 
2 AUGUST 494 BLUS 0 0.90 
2 JULY 494 BLUS 0 0.60 
2 JUNE 494 BLUS 0 1.30 
2 MAY 494 BLUS 0 0.15 
2 OCTOBER 494 BLUS 0 1.39 
2 SEPTEMBER 494 BLUS 0 0.17 
2 AUGUST 495 TI85 1 1.17 
2 OCTOBER 495 TI85 1 0.52 
2 AUGUST 496 PASP 1 0.35 
2 JULY 496 PASP 1 1.32 
2 JUNE 496 PASP 1 0.72 
2 MAY 496 PASP 1 0.29 
2 OCTOBER 496 PASP 1 1.29 
2 SEPTEMBER 496 PASP 1 0.20 
3 APRIL 401 TIF9 0 0.37 
3 AUGUST 401 TIF9 0 1.09 
3 JUNE 401 TIF9 0 1.09 
3 MAY 401 TIF9 0 1.02 
3 APRIL 402 SWIT 0 0.34 
3 JUNE 402 SWIT 0 0.55 
3 MARCH 402 SWIT 0 0.14 
3 MAY 402 SWIT 0 0.50 
3 SEPTEMBER 402 SWIT 0 0.86 
3 APRIL 403 INDY 0 0.32 
3 JUNE 403 INDY 0 0.42 
3 MAY 403 INDY 0 0.38 
3 SEPTEMBER 403 INDY 0 0.60 
3 APRIL 405 SWIT 1 0.43 
3 JUNE 405 SWIT 1 0.38 
3 MAY 405 SWIT 1 0.34 
3 SEPTEMBER 405 SWIT 1 0.60 
3 APRIL 406 GAMA 0 1.08 
3 AUGUST 406 GAMA 0 0.72 
3 JUNE 406 GAMA 0 0.64 
3 MAY 406 GAMA 0 0.58 
3 SEPTEMBER 406 GAMA 0 0.42 
3 AUGUST 407 TIF9 1 0.78 
3 JUNE 407 TIF9 1 0.83 
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3 MAY 407 TIF9 1 0.76 
3 SEPTEMBER 407 TIF9 1 0.59 
3 APRIL 408 INDY 1 0.30 
3 AUGUST 408 INDY 1 0.38 
3 JUNE 408 INDY 1 0.38 
3 MAY 408 INDY 1 0.38 
3 SEPTEMBER 408 INDY 1 0.32 
3 APRIL 409 GAMA 1 0.47 
3 JUNE 409 GAMA 1 0.58 
3 MAY 409 GAMA 1 0.53 
3 SEPTEMBER 409 GAMA 1 0.75 
3 APRIL 410 BLUS 0 0.58 
3 AUGUST 410 BLUS 0 0.23 
3 JUNE 410 BLUS 0 0.24 
3 MAY 410 BLUS 0 0.21 
3 SEPTEMBER 410 BLUS 0 0.44 
3 AUGUST 411 SWIT 1 0.14 
3 JUNE 411 SWIT 1 0.32 
3 MAY 411 SWIT 1 0.27 
3 SEPTEMBER 411 SWIT 1 0.40 
3 APRIL 412 BLUS 0 0.66 
3 AUGUST 412 BLUS 0 0.22 
3 JUNE 412 BLUS 0 0.43 
3 MARCH 412 BLUS 0 0.12 
3 MAY 412 BLUS 0 0.40 
3 SEPTEMBER 412 BLUS 0 0.52 
3 AUGUST 413 TIF9 1 0.92 
3 JUNE 413 TIF9 1 0.91 
3 MAY 413 TIF9 1 0.83 
3 SEPTEMBER 413 TIF9 1 1.01 
3 APRIL 414 GAMA 0 1.15 
3 AUGUST 414 GAMA 0 0.70 
3 JUNE 414 GAMA 0 0.98 
3 MAY 414 GAMA 0 1.04 
3 SEPTEMBER 414 GAMA 0 0.40 
3 APRIL 415 SWIT 1 0.24 
3 AUGUST 415 SWIT 1 1.14 
3 SEPTEMBER 415 SWIT 1 0.44 
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3 AUGUST 416 TI85 0 0.71 
3 APRIL 417 GAMA 1 0.46 
3 AUGUST 417 GAMA 1 0.50 
3 JUNE 417 GAMA 1 0.33 
3 MAY 417 GAMA 1 0.25 
3 SEPTEMBER 417 GAMA 1 0.38 
3 AUGUST 419 TIF9 1 1.53 
3 SEPTEMBER 419 TIF9 1 0.59 
3 APRIL 420 SWIT 1 0.20 
3 AUGUST 420 SWIT 1 0.68 
3 SEPTEMBER 420 SWIT 1 0.19 
3 AUGUST 421 TI85 1 1.23 
3 SEPTEMBER 421 TI85 1 0.41 
3 APRIL 422 GAMA 1 0.47 
3 AUGUST 422 GAMA 1 0.42 
3 JUNE 422 GAMA 1 0.57 
3 SEPTEMBER 422 GAMA 1 0.91 
3 APRIL 424 INDY 0 0.22 
3 AUGUST 424 INDY 0 0.15 
3 JUNE 424 INDY 0 0.35 
3 SEPTEMBER 424 INDY 0 0.18 
3 APRIL 425 SWIT 0 1.16 
3 AUGUST 425 SWIT 0 0.57 
3 JUNE 425 SWIT 0 0.83 
3 SEPTEMBER 425 SWIT 0 1.00 
3 JUNE 426 PASP 1 0.23 
3 SEPTEMBER 426 PASP 1 1.07 
3 AUGUST 428 PASP 0 0.24 
3 JUNE 428 PASP 0 0.12 
3 SEPTEMBER 428 PASP 0 0.54 
3 AUGUST 429 TI85 1 0.63 
3 SEPTEMBER 429 TI85 1 0.83 
3 APRIL 430 SWIT 0 0.54 
3 AUGUST 430 SWIT 0 1.35 
3 SEPTEMBER 430 SWIT 0 0.79 
3 AUGUST 431 PASP 0 0.21 
3 SEPTEMBER 431 PASP 0 0.29 
3 APRIL 432 GAMA 0 0.58 
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3 AUGUST 432 GAMA 0 0.92 
3 JUNE 432 GAMA 0 0.60 
3 SEPTEMBER 432 GAMA 0 1.00 
3 AUGUST 433 TIF9 0 0.90 
3 JUNE 433 TIF9 0 1.16 
3 AUGUST 434 TIF9 0 0.91 
3 JUNE 434 TIF9 0 0.40 
3 APRIL 435 BLUS 1 0.74 
3 AUGUST 435 BLUS 1 0.34 
3 SEPTEMBER 435 BLUS 1 0.12 
3 SEPTEMBER 436 PASP 1 0.39 
3 SEPTEMBER 437 PASP 0 0.49 
3 APRIL 439 INDY 0 0.42 
3 AUGUST 439 INDY 0 1.03 
3 SEPTEMBER 439 INDY 0 0.40 
3 AUGUST 440 INDY 1 0.82 
3 SEPTEMBER 440 INDY 1 0.32 
3 AUGUST 442 TIF9 1 1.25 
3 JUNE 442 TIF9 1 1.21 
3 SEPTEMBER 442 TIF9 1 0.81 
3 APRIL 443 BLUS 0 1.09 
3 AUGUST 443 BLUS 0 1.24 
3 SEPTEMBER 443 BLUS 0 0.67 
3 APRIL 445 SWIT 0 0.42 
3 AUGUST 445 SWIT 0 1.23 
3 MARCH 445 SWIT 0 0.10 
3 SEPTEMBER 445 SWIT 0 0.31 
3 APRIL 447 GAMA 0 0.64 
3 AUGUST 447 GAMA 0 0.72 
3 JUNE 447 GAMA 0 0.43 
3 SEPTEMBER 447 GAMA 0 0.54 
3 APRIL 448 SWIT 1 0.38 
3 AUGUST 448 SWIT 1 1.53 
3 SEPTEMBER 448 SWIT 1 0.64 
3 AUGUST 449 TIF9 0 1.01 
3 JUNE 449 TIF9 0 1.42 
3 SEPTEMBER 449 TIF9 0 0.39 
3 JUNE 450 TIF9 0 1.32 
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3 SEPTEMBER 450 TIF9 0 0.76 
3 AUGUST 451 PASP 0 0.38 
3 SEPTEMBER 451 PASP 0 0.38 
3 MAY 452 BARE 1 1.15 
3 APRIL 453 BLUS 0 0.68 
3 AUGUST 453 BLUS 0 0.84 
3 SEPTEMBER 453 BLUS 0 0.22 
3 AUGUST 454 INDY 1 0.84 
3 SEPTEMBER 454 INDY 1 0.70 
3 APRIL 455 SWIT 1 0.26 
3 AUGUST 455 SWIT 1 0.74 
3 MARCH 455 SWIT 1 0.05 
3 AUGUST 456 TIF9 0 1.67 
3 JUNE 456 TIF9 0 1.24 
3 AUGUST 457 PASP 1 0.41 
3 MAY 457 PASP 1 0.46 
3 APRIL 458 BLUS 1 0.67 
3 AUGUST 458 BLUS 1 0.51 
3 APRIL 459 GAMA 0 0.78 
3 AUGUST 459 GAMA 0 0.35 
3 JUNE 459 GAMA 0 0.39 
3 AUGUST 460 TI85 0 0.74 
3 APRIL 461 GAMA 0 0.73 
3 AUGUST 461 GAMA 0 0.45 
3 JUNE 461 GAMA 0 0.57 
3 APRIL 463 INDY 1 0.31 
3 AUGUST 463 INDY 1 0.72 
3 APRIL 464 INDY 1 0.32 
3 AUGUST 464 INDY 1 0.83 
3 SEPTEMBER 464 INDY 1 0.26 
3 APRIL 465 GAMA 1 0.53 
3 AUGUST 465 GAMA 1 0.53 
3 JUNE 465 GAMA 1 0.51 
3 MARCH 465 GAMA 1 0.20 
3 SEPTEMBER 465 GAMA 1 0.67 
3 APRIL 466 SWIT 0 0.42 
3 AUGUST 466 SWIT 0 1.86 
3 MARCH 466 SWIT 0 0.08 
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3 SEPTEMBER 466 SWIT 0 0.45 
3 APRIL 467 INDY 0 0.42 
3 AUGUST 467 INDY 0 1.25 
3 SEPTEMBER 467 INDY 0 0.71 
3 APRIL 468 GAMA 1 0.50 
3 AUGUST 468 GAMA 1 0.90 
3 JUNE 468 GAMA 1 0.46 
3 MARCH 468 GAMA 1 0.28 
3 SEPTEMBER 468 GAMA 1 0.84 
3 AUGUST 469 TIF9 1 0.72 
3 JUNE 469 TIF9 1 1.05 
3 MAY 469 TIF9 1 1.34 
3 SEPTEMBER 469 TIF9 1 1.30 
3 AUGUST 470 BARE 0 1.90 
3 APRIL 471 TI85 0 0.64 
3 SEPTEMBER 471 TI85 0 1.20 
3 AUGUST 473 PASP 1 0.29 
3 MARCH 473 PASP 1 0.12 
3 SEPTEMBER 473 PASP 1 1.34 
3 APRIL 474 GAMA 1 0.43 
3 AUGUST 474 GAMA 1 0.37 
3 JUNE 474 GAMA 1 0.32 
3 SEPTEMBER 474 GAMA 1 0.76 
3 AUGUST 475 TIF9 1 0.85 
3 JUNE 475 TIF9 1 0.86 
3 SEPTEMBER 475 TIF9 1 1.07 
3 APRIL 479 SWIT 0 0.38 
3 AUGUST 479 SWIT 0 1.46 
3 SEPTEMBER 479 SWIT 0 0.37 
3 APRIL 480 INDY 0 0.63 
3 AUGUST 480 INDY 0 1.10 
3 JUNE 480 INDY 0 0.65 
3 SEPTEMBER 480 INDY 0 0.60 
3 AUGUST 481 TI85 1 0.79 
3 SEPTEMBER 481 TI85 1 0.79 
3 APRIL 482 BLUS 1 0.48 
3 AUGUST 482 BLUS 1 0.58 
3 SEPTEMBER 482 BLUS 1 0.29 
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3 APRIL 483 BLUS 1 0.40 
3 AUGUST 483 BLUS 1 0.45 
3 SEPTEMBER 483 BLUS 1 0.24 
3 AUGUST 484 PASP 0 0.48 
3 SEPTEMBER 484 PASP 0 0.39 
3 APRIL 486 BLUS 1 0.67 
3 AUGUST 486 BLUS 1 0.29 
3 SEPTEMBER 486 BLUS 1 0.12 
3 APRIL 487 BLUS 1 0.67 
3 AUGUST 487 BLUS 1 0.49 
3 SEPTEMBER 487 BLUS 1 0.23 
3 APRIL 488 TI85 1 0.29 
3 AUGUST 488 TI85 1 0.83 
3 SEPTEMBER 488 TI85 1 0.85 
3 APRIL 489 INDY 1 0.38 
3 AUGUST 489 INDY 1 0.58 
3 JUNE 489 INDY 1 0.76 
3 SEPTEMBER 489 INDY 1 0.97 
3 APRIL 490 PASP 0 0.41 
3 SEPTEMBER 490 PASP 0 0.90 
3 APRIL 491 BLUS 0 0.83 
3 AUGUST 491 BLUS 0 0.44 
3 MARCH 491 BLUS 0 0.19 
3 SEPTEMBER 491 BLUS 0 0.67 
3 APRIL 492 INDY 0 0.87 
3 AUGUST 492 INDY 0 0.97 
3 SEPTEMBER 492 INDY 0 0.95 
3 AUGUST 493 TI85 0 0.82 
3 SEPTEMBER 493 TI85 0 0.89 
3 APRIL 494 BLUS 0 0.94 
3 AUGUST 494 BLUS 0 0.36 
3 MARCH 494 BLUS 0 0.15 
3 SEPTEMBER 494 BLUS 0 0.28 
3 AUGUST 495 TI85 1 0.69 
3 SEPTEMBER 495 TI85 1 0.43 








ID Year Collection Plot Forage Shade CP NDF ADF IVTD TDN 
2 1 0 402 SWIT 0 15.70 61.81 35.80 69.60 70.56 
3 1 0 405 SWIT 1 17.50 64.30 36.60 69.10 70.24 
4 1 0 407 TIF9 1 16.70 65.99 37.80 67.20 67.86 
5 1 0 411 SWIT 1 17.40 64.36 38.00 67.90 69.60 
6 1 0 413 SWIT 1 16.80 62.49 36.20 69.70 70.98 
7 1 0 415 TIF9 1 16.60 67.26 38.70 67.00 66.56 
8 1 0 419 SWIT 1 16.50 65.07 38.70 69.10 68.00 
9 1 0 420 SWIT 1 16.00 63.88 36.80 68.40 69.03 
10 1 0 425 SWIT 0 14.40 64.98 35.10 67.40 67.36 
11 1 0 430 SWIT 0 18.40 63.34 34.40 70.10 72.56 
12 1 0 431 SWIT 0 18.70 66.32 37.80 72.40 69.53 
13 1 0 433 TIF9 0 15.70 66.11 38.30 67.20 66.65 
14 1 0 434 TIF9 0 15.90 65.27 37.70 68.90 67.64 
15 1 0 442 TIF9 1 16.60 64.96 37.40 67.50 68.63 
16 1 0 445 SWIT 0 16.80 62.07 36.00 69.60 71.35 
17 1 0 448 SWIT 1 15.80 62.24 34.70 68.30 70.75 
18 1 0 449 TIF9 0 15.70 63.07 35.20 67.60 69.89 
19 1 0 450 TIF9 0 15.70 63.32 36.50 68.00 69.25 
20 1 0 455 SWIT 1 15.20 64.76 37.30 67.90 67.48 
21 1 0 456 TIF9 0 14.10 65.09 37.00 67.00 66.31 
22 1 0 464 INDY 1 13.40 67.44 37.80 65.90 63.72 
23 1 0 466 SWIT 0 13.60 64.00 35.70 67.30 67.07 
24 1 0 469 TIF9 1 16.40 66.51 37.60 67.90 67.28 
25 1 0 473 PASP 1 20.30 64.63 38.90 74.20 71.84 
26 1 0 475 TIF9 1 14.20 66.85 38.50 66.30 64.64 
27 1 0 479 SWIT 0 14.40 65.26 37.50 66.80 66.30 
28 1 0 480 INDY 0 15.50 65.23 35.80 67.00 67.98 
29 1 0 489 INDY 1 18.20 65.77 35.60 67.90 70.23 
30 1 1 401 TIF9 0 14.30 62.12 35.60 67.30 69.08 
31 1 1 402 SWIT 0 14.70 62.34 35.60 69.60 69.31 
32 1 1 403 INDY 0 15.10 63.16 35.70 69.00 69.08 
33 1 1 405 SWIT 1 16.20 62.10 36.50 72.40 70.58 
34 1 1 406 GAMA 0 18.00 60.69 32.80 65.60 74.61 
35 1 1 407 TIF9 1 14.00 65.42 40.00 65.80 64.91 
Table 33.  Shows primary forage variables measured for each plot, each forage 
type, each year and all collections. 
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36 1 1 408 INDY 1 15.10 66.06 39.30 66.70 65.76 
38 1 1 411 SWIT 1 15.90 60.38 35.70 72.60 71.79 
39 1 1 413 TIF9 1 14.20 64.34 38.70 66.40 66.32 
40 1 1 414 GAMA 0 14.80 60.89 34.10 62.00 70.96 
41 1 1 415 SWIT 1 16.60 60.11 38.00 72.60 71.82 
42 1 1 417 GAMA 1 16.00 60.94 32.40 64.10 72.68 
43 1 1 418 TI85 0 14.40 64.85 39.40 66.70 65.90 
44 1 1 420 SWIT 1 15.40 60.81 36.40 71.70 70.76 
45 1 1 422 GAMA 1 18.60 63.25 34.00 65.70 72.95 
47 1 1 425 SWIT 0 15.60 62.77 36.00 68.60 69.72 
48 1 1 426 PASP 1 19.10 64.41 37.30 73.50 71.43 
49 1 1 428 PASP 0 17.50 64.61 35.50 70.90 70.42 
50 1 1 430 SWIT 0 16.50 63.54 35.80 70.90 70.11 
51 1 1 431 PASP 0 16.90 65.07 38.70 69.50 68.37 
52 1 1 432 GAMA 0 19.40 61.31 31.00 67.50 76.16 
53 1 1 433 TIF9 0 13.50 68.33 40.80 63.30 62.11 
54 1 1 434 TIF9 0 16.40 64.07 38.90 69.40 68.53 
55 1 1 436 PASP 1 16.50 65.24 38.30 71.00 68.02 
56 1 1 437 PASP 0 13.40 68.15 40.00 64.40 62.42 
57 1 1 439 INDY 0 13.10 65.33 37.70 67.50 64.94 
60 1 1 445 SWIT 0 18.30 63.18 36.00 72.40 72.00 
61 1 1 447 GAMA 0 15.10 58.16 30.40 67.00 74.49 
62 1 1 448 SWIT 1 14.30 65.55 39.20 65.90 65.39 
63 1 1 449 TIF9 0 16.50 66.38 37.50 69.50 67.51 
64 1 1 450 TIF9 0 14.40 63.92 37.20 68.10 67.35 
65 1 1 451 PASP 0 14.70 64.63 38.60 67.00 66.63 
66 1 1 454 INDY 1 15.60 67.23 39.30 66.70 65.41 
67 1 1 455 SWIT 1 15.80 62.24 37.80 69.40 69.64 
69 1 1 457 PASP 1 16.00 66.25 38.40 66.80 66.80 
70 1 1 462 PASP 1 19.20 63.43 36.50 72.40 72.50 
72 1 1 464 INDY 1 11.90 68.09 40.30 65.70 60.94 
73 1 1 465 GAMA 1 17.60 57.95 33.90 70.40 75.75 
75 1 1 467 INDY 0 14.30 68.02 39.90 66.10 63.41 
76 1 1 468 GAMA 1 22.00 58.97 30.80 68.60 80.34 
79 1 1 474 GAMA 1 19.00 61.20 32.50 64.80 75.31 
80 1 1 475 TIF9 1 15.70 65.87 35.40 65.50 67.86 
82 1 1 480 INDY 0 14.50 67.47 37.80 66.00 64.74 
87 1 1 489 INDY 1 17.10 66.29 37.00 69.30 68.32 
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88 1 1 490 PASP 0 16.80 61.74 34.70 71.80 72.05 
89 1 1 491 PASP 0 15.00 69.27 38.60 67.70 63.67 
90 1 1 492 INDY 0 14.00 66.21 37.20 66.60 65.36 
91 1 1 496 PASP 1 19.20 64.13 37.00 71.80 71.83 
92 1 2 401 TIF9 0 13.40 64.39 36.30 62.00 66.39 
93 1 2 402 SWIT 0 14.20 65.01 37.80 65.70 66.18 
94 1 2 403 INDY 0 15.30 68.47 38.20 66.40 64.66 
95 1 2 405 SWIT 1 16.30 63.95 38.00 68.70 68.84 
96 1 2 406 GAMA 0 20.10 61.67 32.40 66.80 76.06 
97 1 2 407 TIF9 1 13.70 66.19 40.90 64.20 63.76 
98 1 2 408 INDY 1 16.00 68.45 39.40 67.60 64.90 
99 1 2 409 GAMA 1 21.70 60.72 30.80 67.50 78.82 
100 1 2 411 SWIT 1 17.10 63.23 36.10 70.30 70.79 
101 1 2 414 GAMA 0 16.90 64.35 34.80 62.60 70.28 
102 1 2 415 SWIT 1 16.30 62.26 37.30 70.40 70.28 
103 1 2 417 GAMA 1 18.00 64.72 35.00 64.20 71.00 
104 1 2 419 TIF9 1 13.40 66.94 41.70 64.20 62.66 
105 1 2 420 SWIT 1 14.90 63.61 37.10 68.10 68.07 
106 1 2 422 GAMA 1 18.60 64.10 35.50 64.40 71.82 
107 1 2 424 INDY 0 13.80 69.99 39.40 65.80 61.74 
108 1 2 425 SWIT 0 15.30 64.35 36.90 67.10 68.01 
109 1 2 426 PASP 1 16.10 67.81 40.70 68.20 64.98 
110 1 2 428 PASP 0 15.80 67.07 39.10 68.60 65.79 
113 1 2 430 swit 0 14.40 66.04 41.10 66.80 64.46 
111 1 2 430 swit 0 16.10 65.37 37.40 68.00 67.87 
112 1 2 431 PASP 0 14.70 68.46 40.40 67.20 63.30 
114 1 2 432 GAMA 0 18.60 63.41 33.40 63.20 73.06 
117 1 2 435 BLUS 1 13.70 67.98 39.10 69.20 63.16 
120 1 2 439 INDY 0 11.90 69.46 40.00 62.50 60.09 
124 1 2 447 GAMA 0 17.20 65.61 33.90 60.90 70.01 
133 1 2 462 PASP 1 18.00 64.67 38.00 69.10 69.95 
135 1 2 464 INDY 1 12.40 71.64 42.20 63.60 58.24 
147 1 2 483 BLUS 1 13.90 67.20 37.50 69.70 64.46 
148 1 2 484 PASP 0 16.60 65.13 35.60 68.80 69.17 
153 1 2 491 PASP 0 14.70 67.13 37.20 67.00 65.38 
157 1 3 403 INDY 0 14.30 72.15 39.50 63.10 60.66 
158 1 3 405 SWIT 1 16.90 65.44 38.70 69.00 68.12 
159 1 3 406 GAMA 0 18.90 65.04 34.70 63.60 71.74 
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160 1 3 407 TIF9 1 13.60 68.34 40.80 61.60 62.19 
161 1 3 408 INDY 1 15.70 70.44 40.00 65.60 63.01 
162 1 3 409 GAMA 1 19.90 62.17 33.20 65.60 75.23 
163 1 3 413 TIF9 1 14.00 68.12 41.70 61.80 62.40 
164 1 3 414 GAMA 0 15.70 68.01 35.40 57.30 66.36 
165 1 3 415 SWIT 1 17.10 63.38 36.00 69.70 70.72 
166 1 3 417 GAMA 1 16.40 68.03 37.50 59.00 66.26 
167 1 3 419 TIF9 1 13.10 69.14 42.40 61.10 60.58 
169 1 3 422 GAMA 1 18.10 67.62 37.10 60.80 68.31 
170 1 3 424 INDY 0 13.30 72.08 40.60 62.60 59.36 
171 1 3 425 SWIT 0 14.70 67.37 36.60 64.90 65.43 
172 1 3 426 PASP 1 15.60 69.67 40.20 65.00 63.38 
173 1 3 428 PASP 0 15.50 68.58 39.80 65.50 64.19 
174 1 3 430 SWIT 0 17.50 65.47 36.20 68.70 69.56 
175 1 3 431 PASP 0 15.30 68.45 39.20 63.90 64.31 
176 1 3 432 GAMA 0 18.30 66.40 34.70 61.40 70.21 
177 1 3 433 TIF9 0 12.20 69.20 40.30 58.80 60.44 
178 1 3 434 TIF9 0 13.50 67.82 38.90 61.30 63.15 
179 1 3 435 BLUS 1 12.00 73.40 41.40 63.00 56.92 
180 1 3 436 PASP 1 15.40 68.92 41.00 65.10 63.43 
181 1 3 437 PASP 0 15.20 69.40 39.00 65.20 63.62 
182 1 3 439 INDY 0 11.90 72.75 40.40 60.20 57.64 
184 1 3 442 TIF9 1 14.10 68.61 41.30 62.00 62.30 
185 1 3 445 SWIT 0 15.80 65.80 36.60 66.70 67.57 
186 1 3 448 SWIT 1 15.40 65.59 35.10 68.30 67.88 
187 1 3 451 PASP 0 15.30 66.06 35.30 68.50 67.39 
188 1 3 454 INDY 1 13.70 69.78 41.00 63.30 61.21 
189 1 3 455 SWIT 1 14.80 64.03 36.30 68.40 67.97 
190 1 3 457 PASP 1 14.50 68.42 40.60 64.70 63.06 
191 1 3 458 BLUS 1 12.50 69.44 39.10 63.90 60.99 
192 1 3 462 PASP 1 15.40 67.70 40.10 65.80 64.61 
193 1 3 463 INDY 1 13.70 71.98 39.70 62.30 60.14 
194 1 3 464 INDY 1 11.00 71.99 41.70 62.00 56.84 
195 1 3 465 GAMA 1 14.50 67.37 38.10 58.60 64.70 
196 1 3 466 SWIT 0 14.50 65.90 36.40 64.80 66.34 
197 1 3 467 INDY 0 12.70 72.63 40.80 61.50 58.34 
198 1 3 468 GAMA 1 19.50 64.19 34.80 64.40 72.86 
199 1 3 469 TIF9 1 13.20 67.80 40.70 60.90 62.23 
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200 1 3 473 PASP 1 16.10 66.54 40.60 67.00 65.90 
201 1 3 474 GAMA 1 18.50 61.87 27.40 69.00 76.20 
202 1 3 475 TIF9 1 13.90 66.13 35.30 68.90 66.00 
203 1 3 479 SWIT 0 16.10 63.63 30.90 73.00 71.43 
204 1 3 480 INDY 0 13.90 71.54 34.80 64.70 62.40 
205 1 3 482 BLUS 1 14.20 70.07 34.80 71.90 63.72 
206 1 3 483 BLUS 1 14.00 69.18 32.60 73.30 64.94 
207 1 3 486 BLUS 1 13.50 72.40 33.10 70.80 62.03 
208 1 3 487 BLUS 1 14.80 71.67 35.40 70.40 62.95 
209 1 3 489 INDY 1 14.70 70.87 35.30 67.10 63.45 
210 1 3 491 BLUS 0 14.90 69.71 32.60 71.80 65.42 
211 1 3 492 INDY 0 12.50 72.74 35.60 66.30 59.94 
212 1 3 496 PASP 1 16.60 67.73 35.00 70.60 67.56 
214 1 4 405 SWIT 1 19.90 62.29 31.00 77.80 75.94 
216 1 4 408 INDY 1 15.60 71.10 35.50 69.60 64.07 
217 1 4 411 SWIT 1 19.60 62.21 30.40 77.50 75.93 
221 1 4 422 GAMA 1 19.50 63.94 30.60 65.10 74.55 
213 1 5 403 INDY 0 13.60 72.13 35.30 66.20 61.52 
215 1 5 406 GAMA 0 19.50 62.04 28.20 66.70 76.75 
218 1 5 415 SWIT 1 18.10 65.22 31.60 74.80 71.96 
219 1 5 417 GAMA 1 19.00 64.95 28.70 64.60 74.06 
220 1 5 420 SWIT 1 19.10 62.57 29.90 78.00 75.38 
222 1 5 425 SWIT 0 15.30 63.99 28.70 72.60 71.21 
223 1 5 428 PASP 0 15.60 68.27 35.30 68.80 66.12 
224 1 5 430 SWIT 0 16.10 64.22 29.40 73.40 71.56 
225 1 5 431 PASP 0 15.70 68.71 34.30 67.50 66.27 
226 1 5 432 GAMA 0 18.80 62.99 26.50 64.40 76.03 
227 1 5 445 SWIT 0 16.10 63.98 29.10 73.10 71.83 
228 1 5 454 INDY 1 12.40 73.11 36.30 67.20 59.34 
229 1 5 463 INDY 1 12.20 71.36 35.10 68.50 60.80 
230 1 5 466 SWIT 0 13.80 65.77 28.90 69.70 68.47 
231 1 5 468 GAMA 1 20.00 62.07 27.10 66.60 77.59 
232 1 5 473 PASP 1 16.10 66.35 33.20 70.90 68.70 
233 1 5 479 SWIT 0 16.50 64.09 28.70 73.30 72.28 
234 1 5 480 INDY 0 12.10 72.43 35.50 64.60 59.82 
235 1 5 487 BLUS 1 12.00 72.02 35.70 67.60 59.94 
236 1 5 489 INDY 1 12.90 72.71 35.50 67.50 60.38 
237 1 5 490 PASP 0 15.40 68.37 32.50 69.10 66.87 
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238 1 6 401 TIF9 0 11.60 64.06 31.30 64.70 66.71 
239 1 6 402 SWIT 0 14.30 64.24 30.20 69.40 69.55 
240 1 6 403 INDY 0 12.30 75.55 38.50 60.10 56.74 
241 1 6 405 SWIT 1 18.20 63.97 32.50 74.40 72.61 
242 1 6 407 TIF9 1 12.60 68.58 37.40 65.00 62.30 
243 1 6 408 INDY 1 12.90 73.08 35.50 64.20 60.12 
244 1 6 409 GAMA 1 20.60 60.57 25.50 65.30 79.79 
245 1 6 411 SWIT 1 17.40 64.50 32.80 73.30 71.37 
246 1 6 413 TIF9 1 13.10 66.41 38.50 66.00 63.90 
247 1 6 414 GAMA 0 16.60 62.84 26.60 64.00 74.01 
248 1 6 415 SWIT 1 16.20 65.41 33.00 71.10 69.52 
249 1 6 419 TIF9 1 12.00 67.44 36.90 65.50 62.71 
250 1 6 420 SWIT 1 17.50 63.94 31.90 74.60 72.18 
251 1 6 422 GAMA 1 19.60 63.84 29.90 63.00 74.97 
252 1 6 424 INDY 0 12.10 70.32 34.90 65.80 61.51 
253 1 6 425 SWIT 0 14.70 68.02 31.60 67.20 66.78 
254 1 6 426 PASP 1 14.50 67.52 35.20 67.40 65.64 
255 1 6 430 SWIT 0 15.70 68.25 31.80 67.00 67.49 
256 1 6 433 TIF9 0 12.10 67.24 36.70 62.50 63.01 
257 1 6 434 TIF9 0 11.50 66.05 32.50 63.60 64.79 
258 1 6 435 BLUS 1 11.80 72.64 35.40 67.40 59.42 
259 1 6 436 PASP 1 14.60 67.03 35.40 69.20 66.00 
260 1 6 437 PASP 0 15.30 68.44 32.80 67.00 66.62 
261 1 6 439 INDY 0 10.90 74.51 35.50 59.40 57.22 
262 1 6 442 TIF9 1 13.40 65.26 37.70 65.20 65.28 
263 1 6 447 GAMA 0 15.80 63.27 26.10 61.00 73.12 
264 1 6 448 SWIT 1 14.70 67.84 31.70 70.50 66.86 
265 1 6 449 TIF9 0 10.50 64.05 30.90 63.50 65.82 
266 1 6 450 TIF9 0 10.20 65.09 31.70 63.90 64.52 
267 1 6 453 BLUS 0 11.00 71.86 31.70 67.20 60.54 
268 1 6 455 SWIT 1 13.40 65.42 31.10 70.90 67.54 
269 1 6 456 TIF9 0 11.10 65.68 34.20 62.60 64.06 
270 1 6 457 PASP 1 15.30 67.93 34.10 69.40 66.51 
271 1 6 458 BLUS 1 11.70 74.16 37.10 64.60 57.65 
272 1 6 461 GAMA 0 14.80 62.40 24.10 61.80 73.51 
273 1 6 462 PASP 1 13.50 69.75 34.70 67.00 63.31 
274 1 6 465 GAMA 1 17.60 67.02 29.20 61.50 71.09 
275 1 6 467 INDY 0 10.40 72.25 35.30 63.40 58.40 
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276 1 6 469 TIF9 1 13.00 64.19 35.90 65.10 66.30 
277 1 6 473 PASP 1 16.20 66.69 35.50 68.30 67.73 
278 1 6 474 GAMA 1 17.40 64.81 26.20 60.90 73.53 
279 1 6 475 TIF9 1 12.80 67.00 38.60 65.30 63.16 
280 1 6 482 BLUS 1 12.70 69.45 33.80 68.60 63.08 
281 1 6 483 BLUS 1 12.00 70.46 35.00 68.10 61.28 
282 1 6 484 PASP 0 13.10 64.65 31.40 69.00 67.68 
283 1 6 486 BLUS 1 11.00 72.90 34.30 66.50 58.87 
284 1 6 491 BLUS 0 13.00 70.12 33.00 68.20 63.19 
285 1 6 492 INDY 0 11.30 73.15 35.60 62.20 58.51 
286 1 6 494 BLUS 0 10.90 71.81 30.50 65.50 60.91 
287 1 6 496 PASP 1 16.50 67.17 34.90 69.90 67.89 
386 1 10 409 GAMA 1 18.53 53.81 25.21 70.58 82.66 
389 1 10 412 BLUS 0 12.99 63.54 34.69 67.92 67.17 
390 1 10 413 TIF9 1 14.75 55.23 36.63 74.72 73.96 
391 1 10 415 SWIT 1 15.08 55.65 35.99 74.55 74.21 
392 1 10 417 GAMA 1 19.12 56.43 28.58 70.77 80.17 
393 1 10 419 TIF9 1 13.73 56.78 37.36 72.50 71.65 
394 1 10 420 SWIT 1 16.59 54.27 28.21 78.57 79.42 
397 1 10 430 SWIT 0 16.04 55.70 28.95 75.64 77.63 
399 1 10 434 TIF9 0 14.95 56.70 33.44 71.41 74.27 
401 1 10 436 PASP 1 16.80 58.48 33.48 71.80 74.77 
402 1 10 437 PASP 0 14.79 61.63 35.46 66.62 69.94 
403 1 10 442 TIF9 1 15.50 55.46 34.73 73.00 75.20 
405 1 10 453 BLUS 0 13.07 59.41 28.84 73.55 72.25 
406 1 10 454 INDY 1 12.51 63.16 36.47 71.07 66.34 
407 1 10 455 SWIT 1 12.97 56.39 29.15 73.21 74.15 
408 1 10 466 SWIT 0 15.78 54.36 27.12 76.95 78.98 
409 1 10 469 TIF9 1 14.81 59.96 34.52 72.68 71.47 
410 1 10 475 TIF9 1 14.75 54.96 34.51 75.15 74.92 
411 1 10 479 SWIT 0 16.63 53.00 27.35 76.55 80.65 
412 1 10 482 BLUS 1 14.49 59.28 30.80 72.44 72.98 
413 1 10 487 BLUS 1 13.80 58.53 32.39 75.01 72.28 
414 1 10 489 INDY 1 14.22 60.00 32.25 74.15 71.70 
415 1 10 491 BLUS 0 14.00 60.90 33.75 70.36 70.32 
416 1 11 402 SWIT 0 14.93 55.27 30.70 74.49 76.24 
417 1 11 403 INDY 0 11.70 65.22 35.78 65.55 64.38 
418 1 11 405 SWIT 1 17.76 55.08 32.14 78.31 78.55 
268 
 
419 1 11 406 GAMA 0 19.34 57.98 29.85 68.23 78.84 
420 1 11 422 GAMA 1 19.88 56.04 31.36 68.83 80.17 
421 1 11 424 INDY 0 12.85 63.16 34.90 68.94 67.23 
422 1 11 428 PASP 0 14.61 61.54 37.29 66.39 69.18 
423 1 11 431 PASP 0 18.30 56.63 32.48 74.06 77.85 
424 1 11 432 GAMA 0 17.45 58.50 30.88 64.49 76.31 
425 1 11 439 INDY 0 12.29 63.42 34.91 66.86 66.51 
426 1 11 448 SWIT 1 15.84 55.44 29.69 76.78 77.35 
427 1 11 457 PASP 1 18.73 56.72 34.05 76.69 77.63 
428 1 11 462 PASP 1 15.76 58.59 36.41 73.16 72.65 
429 1 11 463 INDY 1 11.45 61.87 36.38 67.89 66.27 
430 1 11 464 INDY 1 13.30 59.86 33.59 73.25 70.44 
431 1 11 465 GAMA 1 19.13 55.65 28.86 69.58 80.63 
432 1 11 467 INDY 0 12.21 63.02 35.36 69.96 66.56 
433 1 11 473 PASP 1 19.06 54.13 33.56 78.44 79.93 
434 1 11 474 GAMA 1 18.18 57.42 28.16 66.27 78.74 
435 1 11 496 PASP 1 18.23 56.16 34.14 76.74 77.52 
436 1 12 411 SWIT 1 14.52 54.41 32.27 71.85 75.89 
437 1 12 414 GAMA 0 16.52 57.03 30.11 66.18 76.73 
438 1 12 420 SWIT 1 13.26 55.41 32.57 70.21 73.88 
439 1 12 440 INDY 1 10.21 62.75 35.20 66.35 64.90 
440 1 12 445 SWIT 0 12.80 56.31 31.07 69.85 73.36 
441 1 12 468 GAMA 1 19.24 56.15 28.04 67.95 80.68 
442 1 12 480 INDY 0 12.05 61.74 33.86 68.64 67.84 
443 1 12 483 BLUS 1 11.64 61.51 33.76 70.74 67.65 
444 1 12 486 BLUS 1 11.62 59.91 31.95 71.53 69.40 
445 1 12 490 PASP 0 15.03 57.65 32.31 72.38 74.09 
446 1 12 492 INDY 0 11.08 63.93 35.11 67.44 64.94 
447 1 12 494 BLUS 0 11.62 62.08 32.79 68.15 67.58 
448 1 13 405 SWIT 1 16.15 57.30 32.16 73.93 75.45 
449 1 13 406 GAMA 0 17.50 58.90 28.91 64.80 76.79 
450 1 13 407 TIF9 1 15.28 54.82 36.14 73.90 74.93 
451 1 13 408 INDY 1 12.41 63.89 35.56 67.85 66.06 
452 1 13 409 GAMA 1 17.16 57.07 26.99 65.02 78.44 
453 1 13 413 TIF9 1 15.15 53.83 35.04 75.60 75.90 
454 1 13 415 SWIT 1 16.50 54.91 29.01 75.40 78.59 
455 1 13 417 GAMA 1 19.37 56.61 27.99 68.44 80.50 
456 1 13 419 TIF9 1 13.73 57.02 37.60 72.62 71.39 
269 
 
457 1 13 422 GAMA 1 19.34 56.13 29.14 69.23 80.39 
458 1 13 425 SWIT 0 15.75 56.67 28.56 72.85 76.81 
459 1 13 426 PASP 1 13.79 63.38 36.50 64.40 67.39 
468 1 13 442 TIF9 1 13.89 62.98 36.97 63.96 67.60 
469 1 13 448 SWIT 1 15.56 59.74 30.17 70.20 73.90 
470 1 13 451 PASP 0 13.12 63.10 34.36 63.93 67.72 
471 1 13 454 INDY 1 11.84 63.40 36.19 66.07 65.64 
472 1 13 455 SWIT 1 14.67 58.51 30.90 71.64 73.66 
473 1 13 456 TIF9 0 13.73 56.39 33.87 69.33 73.18 
474 1 13 457 PASP 1 18.00 59.90 33.69 70.26 74.84 
475 1 13 462 PASP 1 16.12 61.25 34.14 69.36 71.95 
476 1 13 465 GAMA 1 19.25 58.85 28.94 65.04 78.47 
477 1 13 466 SWIT 0 14.80 60.11 30.08 68.42 72.95 
478 1 13 467 INDY 0 10.88 65.26 36.41 64.03 63.35 
479 1 13 468 GAMA 1 19.94 59.49 30.13 66.23 78.25 
480 1 13 469 TIF9 1 15.79 56.28 34.31 71.88 75.05 
481 1 13 473 PASP 1 16.17 59.45 35.58 67.21 72.74 
482 1 13 475 TIF9 1 14.21 56.57 35.32 71.54 72.99 
483 1 13 484 PASP 0 13.11 60.59 34.64 66.06 69.37 
484 1 13 489 INDY 1 12.68 63.49 35.25 66.53 66.71 
486 1 13 496 PASP 1 15.80 61.54 36.12 66.51 70.73 
487 1 14 402 SWIT 0 15.12 60.15 30.48 67.53 73.09 
491 1 14 411 SWIT 1 18.44 56.70 28.79 74.45 79.26 
492 1 14 414 GAMA 0 21.12 58.43 28.92 66.54 80.55 
493 1 14 415 SWIT 1 18.06 56.26 29.02 73.01 79.13 
495 1 14 420 SWIT 1 17.43 56.26 31.33 72.86 77.70 
496 1 14 422 GAMA 1 19.54 58.25 29.48 65.91 78.98 
497 1 14 424 INDY 0 11.55 64.56 34.13 61.80 65.29 
501 1 14 431 PASP 0 14.84 58.35 34.12 66.46 72.77 
502 1 14 432 GAMA 0 17.14 59.99 31.16 61.87 74.87 
503 1 14 433 TIF9 0 16.68 56.99 32.01 72.34 76.23 
506 1 14 436 PASP 1 13.87 61.56 36.34 63.72 68.80 
507 1 14 437 PASP 0 15.52 61.00 34.06 64.33 71.58 
508 1 14 439 INDY 0 11.07 66.28 34.50 58.90 63.50 
511 1 14 445 SWIT 0 17.46 55.43 29.57 73.29 78.94 
512 1 14 447 GAMA 0 18.28 58.66 29.11 63.92 77.62 
541 2 1 406 GAMA 0 14.14 63.36 34.96 53.84 68.29 
540 2 1 409 GAMA 1 12.58 64.82 35.67 52.17 65.53 
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542 2 1 414 GAMA 0 14.73 64.01 34.07 56.88 68.72 
543 2 2 402 SWIT 0 13.95 59.55 30.05 72.06 72.55 
544 2 2 405 SWIT 1 16.92 56.68 29.41 74.47 77.61 
545 2 2 408 INDY 1 12.32 64.94 38.13 63.13 64.32 
546 2 2 411 SWIT 1 15.95 56.78 28.83 73.42 76.82 
547 2 2 412 BLUS 0 15.46 60.29 31.78 73.18 72.84 
548 2 2 415 SWIT 1 16.56 57.66 28.56 75.71 76.89 
549 2 2 417 GAMA 1 15.96 64.62 34.44 58.69 69.33 
550 2 2 422 GAMA 1 14.59 66.18 35.46 55.90 66.57 
551 2 2 425 SWIT 0 15.01 63.17 33.63 66.28 69.74 
552 2 2 432 GAMA 0 16.48 63.48 34.28 57.71 70.68 
553 2 2 439 INDY 0 14.79 61.28 31.66 66.94 71.56 
554 2 2 445 SWIT 0 15.31 61.86 31.56 74.22 71.68 
555 2 2 447 GAMA 0 16.48 65.50 34.00 59.18 69.37 
556 2 2 448 SWIT 1 17.30 59.75 30.23 75.27 75.52 
557 2 2 454 INDY 1 14.53 61.22 33.00 67.78 70.87 
558 2 2 455 SWIT 1 15.56 61.24 30.91 72.61 72.59 
559 2 2 458 BLUS 1 14.55 64.82 35.23 71.06 67.57 
560 2 2 463 INDY 1 14.62 63.09 33.54 67.45 69.45 
561 2 2 464 INDY 1 13.79 64.60 34.85 69.67 67.13 
562 2 2 465 GAMA 1 18.40 68.03 34.45 62.14 69.26 
563 2 2 466 SWIT 0 15.43 58.72 32.03 72.19 73.83 
564 2 2 467 INDY 0 14.04 59.43 32.85 69.11 71.71 
565 2 2 468 GAMA 1 16.96 63.53 36.79 60.08 70.20 
566 2 2 474 GAMA 1 17.24 64.00 36.59 59.79 70.21 
567 2 2 479 SWIT 0 16.42 55.71 30.56 74.51 77.40 
568 2 2 480 INDY 0 13.34 54.75 33.94 68.55 73.93 
569 2 2 482 BLUS 1 16.36 60.31 34.71 74.33 72.63 
570 2 2 483 BLUS 1 15.85 59.34 34.43 74.23 72.92 
571 2 2 486 BLUS 1 16.64 60.34 35.23 74.69 72.68 
572 2 2 487 BLUS 1 15.64 60.02 35.53 74.11 71.86 
573 2 2 489 INDY 1 14.40 59.79 33.54 71.30 71.56 
574 2 2 491 BLUS 0 16.04 62.13 36.00 72.74 70.58 
575 2 2 492 INDY 0 13.36 61.58 35.47 68.52 68.62 
576 2 3 403 INDY 0 13.31 62.47 32.79 69.12 68.91 
577 2 3 406 GAMA 0 18.09 66.71 38.37 65.63 68.47 
578 2 3 409 GAMA 1 18.23 66.72 39.40 65.04 68.23 
579 2 3 414 GAMA 0 17.83 65.69 38.91 65.58 68.75 
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580 2 3 417 GAMA 1 18.80 66.49 39.18 66.56 69.01 
581 2 3 422 GAMA 1 17.07 68.13 40.20 62.90 65.86 
582 2 3 425 SWIT 0 13.54 63.53 33.44 74.36 68.15 
583 2 3 426 PASP 1 19.23 59.87 40.83 77.43 73.46 
584 2 3 427 ti85 1 20.22 58.82 37.77 78.16 76.24 
585 2 3 432 GAMA 0 17.02 67.65 40.12 63.99 66.17 
586 2 3 436 PASP 1 20.98 57.64 41.54 78.25 76.43 
587 2 3 442 TIF9 1 15.68 61.84 40.59 69.23 68.80 
588 2 3 459 GAMA 0 14.81 61.62 38.25 60.34 68.97 
589 2 3 465 GAMA 1 18.29 63.56 43.31 67.17 69.09 
590 2 3 466 SWIT 0 12.92 60.87 35.78 72.22 68.58 
591 2 3 468 GAMA 1 16.35 65.92 43.57 62.50 65.50 
592 2 3 474 GAMA 1 17.84 63.70 42.75 66.21 68.77 
593 2 3 475 TIF9 1 17.96 53.94 38.35 75.59 77.30 
594 2 4 402 SWIT 0 13.63 69.89 43.25 65.99 60.25 
595 2 4 405 SWIT 1 17.64 67.71 43.43 71.24 65.53 
596 2 4 408 INDY 1 15.50 70.64 45.14 68.67 60.83 
597 2 4 410 BLUS 0 12.08 66.76 41.50 68.09 61.61 
598 2 4 411 SWIT 1 16.80 66.93 42.02 70.94 65.78 
599 2 4 412 BLUS 0 13.14 70.82 47.00 67.05 57.79 
600 2 4 413 TIF9 1 17.35 69.92 46.99 70.26 62.42 
601 2 4 414 GAMA 0 17.59 68.91 47.01 70.24 63.35 
602 2 4 415 SWIT 1 13.41 68.82 45.68 71.61 59.92 
603 2 4 437 PASP 0 20.38 62.89 46.65 73.52 70.34 
604 2 4 443 BLUS 0 12.68 66.78 43.52 68.80 61.43 
605 2 4 445 SWIT 0 15.73 67.23 41.76 70.92 64.64 
606 2 4 447 GAMA 0 19.60 68.44 48.35 60.57 65.10 
607 2 4 454 INDY 1 14.85 71.05 46.79 67.28 59.33 
608 2 4 461 GAMA 0 15.74 65.35 42.46 58.51 65.72 
609 2 4 463 INDY 1 14.98 64.72 36.66 72.37 67.53 
610 2 4 467 INDY 0 12.84 65.24 34.87 68.17 65.78 
611 2 4 469 TIF9 1 18.10 66.58 40.07 73.50 67.97 
612 2 4 475 TIF9 1 15.97 66.81 38.37 70.85 66.39 
613 2 4 479 SWIT 0 15.15 63.76 32.29 70.67 69.93 
614 2 4 480 INDY 0 12.39 65.47 35.74 68.02 64.88 
615 2 4 484 PASP 0 18.20 58.73 36.73 74.10 74.75 
616 2 4 486 BLUS 1 15.11 64.57 38.45 72.32 67.12 
617 2 4 487 BLUS 1 14.53 66.45 40.63 72.87 64.46 
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618 2 4 489 INDY 1 15.05 65.28 37.19 70.52 67.01 
619 2 4 491 BLUS 0 14.61 68.16 39.74 70.99 63.66 
620 2 4 492 INDY 0 12.96 67.73 36.51 68.15 63.56 
621 2 4 494 BLUS 0 12.96 62.99 33.79 72.33 67.85 
622 2 5 401 TIF9 0 14.80 68.17 38.63 66.10 64.23 
623 2 5 403 INDY 0 13.16 67.35 38.47 65.40 63.31 
624 2 5 406 GAMA 0 16.46 65.58 39.96 60.28 67.14 
625 2 5 407 TIF9 1 14.18 69.87 42.59 67.49 61.03 
626 2 5 409 GAMA 1 16.50 62.82 37.35 61.79 70.06 
627 2 5 414 GAMA 0 17.18 66.75 38.71 61.90 67.45 
628 2 5 415 SWIT 1 14.92 62.64 32.52 73.98 70.42 
629 2 5 416 TI85 0 17.47 66.87 39.11 62.19 67.50 
630 2 5 420 SWIT 1 14.14 62.40 31.56 72.36 70.19 
631 2 5 422 GAMA 1 17.20 69.96 41.19 62.17 64.34 
632 2 5 424 INDY 0 10.01 67.67 28.45 66.04 63.70 
633 2 5 430 SWIT 0 10.51 59.09 26.92 67.30 70.73 
634 2 5 433 TIF9 0 12.98 65.36 30.06 67.69 67.56 
635 2 5 434 TIF9 0 14.20 61.34 34.85 68.96 69.81 
636 2 5 436 PASP 1 20.11 61.81 34.38 74.04 75.27 
637 2 5 437 PASP 0 18.45 61.60 31.98 72.13 74.70 
638 2 5 439 INDY 0 12.91 64.93 33.98 67.62 66.38 
639 2 5 440 INDY 1 11.51 64.85 31.92 68.84 65.85 
640 2 5 442 TIF9 1 15.30 61.19 35.22 69.99 70.82 
641 2 5 448 SWIT 1 13.95 60.28 32.02 72.64 71.33 
642 2 5 449 TIF9 0 13.73 63.43 34.17 68.85 68.14 
643 2 5 450 TIF9 0 13.83 61.64 32.40 69.24 70.13 
644 2 5 453 BLUS 0 13.82 64.49 30.90 73.04 68.66 
645 2 5 455 SWIT 1 11.30 59.61 32.17 70.95 69.23 
646 2 5 456 TIF9 0 12.78 63.35 34.18 68.72 67.29 
647 2 5 457 PASP 1 17.57 60.18 32.85 73.77 74.54 
648 2 5 462 PASP 1 16.98 60.98 33.73 72.33 73.10 
649 2 5 464 INDY 1 13.92 66.51 35.98 70.91 65.51 
650 2 5 465 GAMA 1 17.67 62.29 33.36 64.82 72.97 
651 2 5 466 SWIT 0 14.16 60.35 32.36 71.18 71.36 
652 2 5 467 INDY 0 12.02 67.33 34.69 66.27 63.61 
653 2 5 468 GAMA 1 17.27 65.42 34.88 62.76 69.85 
654 2 5 473 PASP 1 19.88 59.15 32.27 77.68 77.66 
655 2 5 474 GAMA 1 17.76 62.37 31.86 65.18 73.55 
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656 2 5 480 INDY 0 11.70 68.24 35.82 64.20 62.25 
657 2 5 482 BLUS 1 13.22 65.04 33.73 71.49 66.69 
658 2 5 483 BLUS 1 12.86 65.80 33.60 72.05 65.86 
659 2 5 486 BLUS 1 15.88 65.23 32.24 73.06 69.62 
660 2 5 490 PASP 0 18.27 60.98 32.49 73.35 74.78 
661 2 5 496 PASP 1 18.49 62.60 31.88 72.06 74.07 
665 2 6 402 SWIT 0 14.83 65.52 35.31 66.72 67.32 
666 2 6 405 SWIT 1 16.23 62.46 35.01 69.86 70.89 
667 2 6 408 INDY 1 14.75 67.74 37.76 66.58 64.81 
668 2 6 412 BLUS 0 14.47 68.78 36.25 67.51 64.35 
669 2 6 413 TIF9 1 14.26 67.14 40.28 65.98 63.85 
670 2 6 431 PASP 0 16.03 65.65 35.27 65.77 68.37 
671 2 6 432 GAMA 0 15.83 65.51 34.52 57.02 68.55 
672 2 6 435 BLUS 1 12.74 67.17 35.99 65.04 63.93 
673 2 6 445 SWIT 0 12.94 64.16 33.83 66.46 67.01 
674 2 6 447 GAMA 0 15.95 65.40 33.30 59.75 69.19 
675 2 6 454 INDY 1 13.32 67.68 36.89 64.70 63.80 
676 2 6 458 BLUS 1 13.65 68.83 36.13 69.08 63.58 
677 2 6 463 INDY 1 14.05 67.91 37.12 65.12 64.25 
678 2 6 469 TIF9 1 15.24 65.98 38.00 67.30 66.40 
679 2 6 475 TIF9 1 13.46 66.79 39.28 65.26 63.69 
680 2 6 479 SWIT 0 16.00 62.36 33.72 70.19 71.21 
681 2 6 484 PASP 0 17.57 64.14 33.62 68.48 71.49 
682 2 6 489 INDY 1 13.16 69.60 38.57 64.15 61.70 
683 2 6 492 INDY 0 12.39 68.50 38.06 62.06 61.92 
684 2 7 403 INDY 0 12.79 67.71 36.92 63.21 63.26 
685 2 7 406 GAMA 0 18.28 63.71 34.92 62.51 72.00 
686 2 7 409 GAMA 1 17.64 65.21 34.79 61.01 70.39 
687 2 7 411 SWIT 1 17.56 60.08 30.95 72.01 75.29 
688 2 7 414 GAMA 0 15.57 63.72 33.74 58.52 69.83 
689 2 7 417 GAMA 1 17.13 63.17 34.09 59.91 71.58 
690 2 7 422 GAMA 1 17.64 66.18 35.54 59.93 69.44 
691 2 7 465 GAMA 1 16.17 67.46 37.14 59.28 66.57 
692 2 7 468 GAMA 1 16.11 67.95 36.89 59.07 66.25 
812 2 8 407 TIF9 1 13.10 67.40 39.40 67.30 62.88 
814 2 8 413 TIF9 1 13.10 67.54 39.90 66.40 62.60 
815 2 8 415 SWIT 1 15.40 62.31 36.40 72.90 69.71 
816 2 8 419 TIF9 1 13.20 66.78 38.60 68.60 63.70 
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819 2 8 428 PASP 0 16.30 64.57 37.10 71.50 68.73 
820 2 8 436 PASP 1 17.60 62.37 35.60 74.90 72.05 
821 2 8 437 PASP 0 16.30 64.09 36.70 72.00 69.21 
823 2 8 440 INDY 1 12.70 69.14 37.00 68.40 62.15 
824 2 8 442 TIF9 1 13.70 66.90 40.30 68.70 63.48 
825 2 8 449 TIF9 0 12.90 67.47 37.80 66.10 63.22 
828 2 8 454 INDY 1 14.30 68.33 37.70 69.10 63.98 
829 2 8 456 TIF9 0 11.80 67.63 38.00 67.30 61.99 
830 2 8 457 PASP 1 16.90 64.28 36.60 74.20 69.68 
831 2 8 459 GAMA 0 12.90 67.57 35.30 58.60 64.05 
832 2 8 461 GAMA 0 14.80 65.99 33.30 59.60 67.68 
833 2 8 463 INDY 1 13.40 68.96 38.40 67.10 62.44 
834 2 8 464 INDY 1 10.50 71.60 39.80 64.80 57.33 
835 2 8 466 SWIT 0 13.60 65.97 35.80 68.70 65.65 
836 2 8 467 INDY 0 12.50 70.86 38.70 65.40 60.14 
837 2 8 469 TIF9 1 13.40 66.89 38.90 65.60 63.71 
840 2 8 475 TIF9 1 12.30 68.17 39.20 64.20 61.66 
842 2 8 482 BLUS 1 12.90 70.05 37.20 68.60 61.63 
843 2 8 486 BLUS 1 13.90 69.03 35.70 71.20 63.83 
844 2 8 487 BLUS 1 12.50 69.70 36.70 69.60 61.67 
846 2 8 490 PASP 0 14.90 67.32 37.50 68.50 65.33 
848 2 8 494 BLUS 0 13.30 70.96 36.60 68.10 61.59 
694 2 9 402 SWIT 0 11.89 66.57 32.59 67.35 64.76 
696 2 9 403 INDY 0 12.65 67.62 37.50 64.46 62.98 
697 2 9 405 SWIT 1 14.41 57.01 33.79 71.05 73.41 
698 2 9 406 GAMA 0 16.95 65.39 35.89 61.84 69.21 
700 2 9 409 GAMA 1 17.69 66.27 36.43 60.45 69.10 
701 2 9 410 BLUS 0 11.20 64.26 35.05 65.38 64.84 
702 2 9 411 SWIT 1 15.33 62.37 31.40 72.46 71.40 
703 2 9 412 BLUS 0 11.02 64.43 35.96 63.84 64.22 
704 2 9 414 GAMA 0 15.93 67.48 37.05 58.76 66.36 
705 2 9 417 GAMA 1 16.38 65.61 36.21 60.11 68.39 
706 2 9 422 GAMA 1 16.96 65.76 35.09 59.75 69.25 
707 2 9 424 INDY 0 10.56 65.80 34.15 61.24 63.48 
709 2 9 425 SWIT 0 13.41 63.41 33.00 66.49 68.27 
710 2 9 430 SWIT 0 11.35 64.78 32.64 67.71 65.48 
711 2 9 431 PASP 0 15.09 65.80 38.35 67.79 66.28 
712 2 9 433 TIF9 0 10.88 69.68 37.40 61.08 59.89 
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713 2 9 434 TIF9 0 11.36 70.34 37.26 63.57 59.94 
714 2 9 435 BLUS 1 11.77 67.68 37.34 67.75 62.16 
715 2 9 443 BLUS 0 10.90 67.01 36.55 65.57 62.09 
716 2 9 445 SWIT 0 12.75 67.03 32.16 67.61 65.42 
717 2 9 447 GAMA 0 14.45 67.21 35.96 58.28 65.53 
699 2 9 448 SWIT 1 13.27 65.78 34.85 68.73 65.82 
708 2 9 451 PASP 0 16.17 63.06 36.53 71.13 69.87 
718 2 9 455 SWIT 1 11.61 67.16 33.52 69.06 63.75 
719 2 9 462 PASP 1 14.41 66.50 39.58 66.61 64.69 
720 2 9 465 GAMA 1 17.65 66.13 35.91 62.90 69.35 
721 2 9 468 GAMA 1 16.26 64.93 36.68 60.00 68.59 
722 2 9 479 SWIT 0 14.33 61.35 29.39 69.99 71.88 
723 2 9 483 BLUS 1 11.60 66.02 34.49 68.78 64.19 
724 2 9 484 PASP 0 14.39 62.99 33.35 67.82 69.38 
725 2 9 492 INDY 0 11.65 66.66 34.62 63.26 63.74 
850 2 11 401 TIF9 0 13.40 68.95 37.10 63.50 62.91 
851 2 11 407 TIF9 1 14.10 68.00 38.60 66.40 63.70 
695 2 11 408 INDY 1 14.71 66.84 35.21 68.74 66.32 
852 2 11 413 TIF9 1 13.00 68.30 39.50 64.50 62.12 
853 2 11 414 GAMA 0 17.00 68.88 36.10 61.20 66.74 
854 2 11 419 TIF9 1 13.10 67.57 40.00 65.40 62.55 
726 2 11 439 INDY 0 14.18 67.66 34.47 65.55 65.50 
856 2 11 442 TIF9 1 14.10 67.28 39.30 65.80 63.95 
727 2 11 449 TIF9 0 12.95 69.71 36.34 63.04 62.22 
728 2 11 450 TIF9 0 13.48 71.47 36.82 62.47 61.32 
857 2 11 454 INDY 1 14.90 67.98 37.60 69.20 64.83 
858 2 11 456 TIF9 0 12.90 69.72 36.90 61.90 61.97 
729 2 11 458 BLUS 1 14.47 67.76 35.38 69.08 65.38 
730 2 11 460 TI85 0 12.36 75.45 36.21 58.03 57.69 
859 2 11 463 INDY 1 15.30 69.21 37.70 67.80 64.32 
731 2 11 467 INDY 0 14.00 68.06 35.41 65.61 64.71 
860 2 11 468 GAMA 1 16.30 68.32 37.10 60.10 66.10 
732 2 11 469 TIF9 1 14.33 71.04 38.00 66.37 62.00 
733 2 11 471 TI85 0 14.02 72.12 35.35 62.00 61.90 
734 2 11 473 PASP 1 17.83 65.56 36.17 71.40 69.82 
735 2 11 474 GAMA 1 17.92 67.23 34.86 62.97 69.22 
861 2 11 480 INDY 0 13.20 71.30 39.10 64.10 60.35 
862 2 11 489 INDY 1 13.90 70.42 38.00 68.20 62.03 
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863 2 12 406 GAMA 0 16.60 66.04 36.90 61.80 68.06 
864 2 12 412 BLUS 0 14.10 71.98 37.80 67.90 61.20 
865 2 12 417 GAMA 1 18.50 65.63 35.00 65.20 70.83 
866 2 12 422 GAMA 1 18.50 66.19 29.10 68.80 72.57 
867 2 12 426 PASP 1 19.10 62.49 30.00 80.70 75.40 
868 2 12 428 PASP 0 21.30 59.46 28.00 84.00 80.34 
869 2 12 429 TI85 1 20.50 63.80 27.90 80.20 76.57 
870 2 12 432 GAMA 0 18.10 64.90 29.60 62.74 72.91 
871 2 12 433 TIF9 0 14.50 66.40 30.20 57.99 68.22 
872 2 12 434 TIF9 0 14.20 66.70 31.70 58.87 67.19 
873 2 12 435 BLUS 1 15.60 70.30 32.60 65.74 65.67 
874 2 12 436 PASP 1 19.30 62.10 30.10 51.79 75.83 
875 2 12 437 PASP 0 17.90 63.40 31.00 52.16 73.27 
876 2 12 440 INDY 1 15.00 67.80 33.50 61.15 66.53 
877 2 12 447 GAMA 0 14.90 68.50 33.10 53.65 66.09 
878 2 12 453 BLUS 0 14.90 69.30 33.50 57.41 65.39 
879 2 12 457 PASP 1 22.00 59.30 29.10 57.62 80.71 
880 2 12 459 GAMA 0 16.90 67.50 30.50 61.56 69.63 
881 2 12 461 GAMA 0 16.50 66.70 29.10 61.53 70.31 
882 2 12 464 INDY 1 15.70 68.60 32.80 61.46 66.89 
883 2 12 465 GAMA 1 16.40 66.20 33.40 53.56 69.02 
884 2 12 466 SWIT 0 15.30 62.70 30.00 59.89 71.65 
885 2 12 481 TI85 1 18.30 62.90 28.00 61.95 75.08 
886 2 12 482 BLUS 1 17.60 67.70 31.30 63.53 69.86 
887 2 12 486 BLUS 1 16.40 68.50 31.90 61.79 67.95 
888 2 12 487 BLUS 1 
   
62.55 
 889 2 12 490 PASP 0 
   
57.23 
 890 2 12 492 INDY 0 
   
62.24 
 891 2 12 496 PASP 1 
   
55.97 
 739 2 13 401 TIF9 0 13.11 66.58 35.76 64.58 64.78 
740 2 13 402 SWIT 0 14.87 63.55 34.75 70.11 68.93 
741 2 13 403 INDY 0 12.85 69.45 38.71 63.64 61.46 
742 2 13 405 SWIT 1 15.35 62.24 35.48 71.45 70.04 
743 2 13 408 INDY 1 14.79 69.67 39.82 68.23 62.75 
744 2 13 409 GAMA 1 17.96 66.90 33.07 63.45 70.12 
745 2 13 410 BLUS 0 12.38 68.27 34.90 64.77 63.21 
746 2 13 411 SWIT 1 16.38 67.02 31.61 72.81 69.07 
747 2 13 414 GAMA 0 16.47 65.68 32.81 60.89 69.66 
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748 2 13 415 SWIT 1 16.77 65.84 30.98 72.95 70.49 
749 2 13 416 TI85 0 14.93 70.22 31.54 65.04 65.47 
750 2 13 420 SWIT 1 16.31 62.73 30.61 71.65 72.36 
751 2 13 421 TI85 1 15.88 72.09 33.77 67.88 64.26 
752 2 13 424 INDY 0 12.52 67.54 35.63 61.61 63.59 
753 2 13 425 SWIT 0 15.42 63.19 31.81 68.83 70.77 
754 2 13 430 SWIT 0 14.49 64.20 30.57 68.44 69.62 
755 2 13 439 INDY 0 13.54 70.13 35.34 64.42 62.85 
756 2 13 443 BLUS 0 14.01 65.67 31.93 65.86 67.65 
757 2 13 445 SWIT 0 14.62 67.76 29.61 70.24 67.60 
758 2 13 448 SWIT 1 16.02 67.67 31.41 70.38 68.34 
759 2 13 451 PASP 0 18.65 66.22 32.43 71.33 71.49 
760 2 13 454 INDY 1 14.16 67.57 34.53 65.22 65.52 
761 2 13 458 BLUS 1 15.38 70.25 34.06 70.25 64.97 
762 2 13 462 PASP 1 11.81 67.07 35.11 60.75 63.43 
763 2 13 463 INDY 1 14.65 68.27 34.07 64.93 65.66 
764 2 13 467 INDY 0 13.19 69.23 35.01 62.90 63.27 
765 2 13 468 GAMA 1 17.08 65.92 32.05 59.99 70.34 
766 2 13 469 TIF9 1 14.30 64.14 36.28 65.01 67.42 
767 2 13 473 PASP 1 16.84 64.09 38.41 68.52 69.11 
768 2 13 483 BLUS 1 14.30 70.32 36.93 67.67 62.86 
769 2 13 484 PASP 0 15.62 65.79 33.40 64.83 68.56 
771 2 13 491 BLUS 0 15.25 66.22 33.09 67.71 68.02 
772 2 13 494 BLUS 0 13.19 67.43 33.35 64.52 65.12 
773 2 14 401 TIF9 0 11.20 66.89 34.57 59.82 63.17 
774 2 14 403 INDY 0 11.22 67.13 35.50 60.25 62.68 
775 2 14 406 GAMA 0 15.21 64.22 34.42 56.55 68.90 
776 2 14 407 TIF9 1 12.31 67.07 36.40 62.84 63.44 
777 2 14 414 GAMA 0 14.37 68.97 36.73 53.75 63.95 
778 2 14 419 TIF9 1 12.05 68.61 35.47 63.89 62.45 
779 2 14 422 GAMA 1 15.31 67.31 33.25 55.39 67.25 
780 2 14 431 PASP 0 13.06 64.98 36.02 59.78 65.75 
781 2 14 432 GAMA 0 15.93 66.14 33.30 56.84 68.65 
782 2 14 433 TIF9 0 9.79 68.33 35.68 58.99 60.42 
783 2 14 434 TIF9 0 11.02 69.46 34.96 59.77 61.06 
784 2 14 442 TIF9 1 12.91 69.27 35.07 63.60 62.95 
785 2 14 449 TIF9 0 10.41 69.20 34.50 59.90 60.83 
786 2 14 450 TIF9 0 10.01 67.89 36.08 60.08 60.79 
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787 2 14 453 BLUS 0 11.36 64.91 34.03 65.22 64.90 
788 2 14 456 TIF9 0 10.77 69.09 34.34 60.98 61.31 
789 2 14 469 TIF9 1 12.14 68.08 34.88 62.57 63.12 
790 2 14 471 TI85 0 12.73 64.30 30.58 61.08 67.87 
791 2 14 474 GAMA 1 15.29 66.78 35.65 56.86 66.75 
792 2 14 479 SWIT 0 13.57 66.30 29.65 64.42 67.61 
793 2 14 480 INDY 0 10.80 66.39 35.63 59.01 62.76 
794 2 14 481 TI85 1 12.12 67.71 33.42 61.96 63.89 
795 2 14 482 BLUS 1 12.21 65.93 35.71 63.41 64.40 
796 2 14 486 BLUS 1 13.08 68.23 37.24 65.84 63.06 
801 2 14 492 INDY 0 10.48 67.04 36.07 59.33 61.84 
802 2 14 494 BLUS 0 12.46 66.75 35.07 64.35 64.28 
803 2 14 496 PASP 1 14.36 67.29 37.87 61.59 64.71 
892 2 16 405 SWIT 1 
   
60.44 
 893 2 16 408 INDY 1 
   
60.45 
 894 2 16 409 GAMA 1 
   
55.92 
 895 2 16 410 BLUS 0 
   
55.44 
 896 2 16 411 SWIT 1 
   
55.66 
 897 2 16 415 SWIT 1 
   
55.01 
 898 2 16 420 SWIT 1 
   
58.11 
 899 2 16 424 INDY 0 
   
60.68 
 900 2 16 425 SWIT 0 
   
53.74 
 901 2 16 426 PASP 1 
   
61.46 
 902 2 16 430 SWIT 0 
   
58.09 
 903 2 16 436 PASP 1 
   
56.66 
 904 2 16 437 PASP 0 
   
66.97 
 905 2 16 439 INDY 0 
   
62.62 
 906 2 16 440 INDY 1 
   
58.33 
 907 2 16 443 BLUS 0 
   
58.43 
 908 2 16 448 SWIT 1 
   
56.60 
 909 2 16 451 PASP 0 
   
58.87 
 910 2 16 454 INDY 1 
   
57.13 
 911 2 16 455 SWIT 1 
   
61.39 
 912 2 16 457 PASP 1 
   
60.16 
 913 2 16 458 BLUS 1 
   
58.96 
 914 2 16 459 GAMA 0 
   
53.97 
 937 2 19 442 TIF9 1 
 
69.14 36.24 61.85 
 938 2 19 443 BLUS 0 
 




939 2 19 451 PASP 0 
 
69.69 37.77 57.99 
 940 2 19 453 BLUS 0 10.74 61.93 36.83 58.87 65.39 
941 2 19 458 BLUS 1 13.09 63.20 37.37 65.74 66.54 
942 2 19 459 GAMA 0 13.79 64.06 35.18 51.79 67.40 
943 2 19 460 TI85 0 7.72 68.42 36.59 52.16 58.06 
944 2 19 464 INDY 1 10.59 65.27 38.27 61.15 62.40 
945 2 19 465 GAMA 1 13.98 64.52 36.90 53.65 66.64 
946 2 19 467 INDY 0 10.10 66.05 38.75 57.41 61.21 
947 2 19 468 GAMA 1 17.48 64.33 36.89 57.62 70.09 
948 2 19 469 TIF9 1 11.78 69.12 39.87 61.56 60.25 
949 2 19 471 TI85 0 13.72 63.62 34.41 61.53 67.91 
950 2 19 473 PASP 1 13.19 63.22 39.05 61.46 66.02 
951 2 19 474 GAMA 1 13.81 64.01 36.48 53.56 66.97 
952 2 19 481 TI85 1 10.46 65.04 35.88 59.89 63.29 
953 2 19 482 BLUS 1 12.18 65.63 39.21 61.95 63.31 
954 2 19 483 BLUS 1 12.82 65.94 38.84 63.53 63.84 
955 2 19 486 BLUS 1 11.92 66.60 39.21 61.79 62.39 
956 2 19 487 BLUS 1 11.38 66.28 38.85 62.55 62.23 
957 2 19 489 INDY 1 10.07 67.18 38.76 57.23 60.39 
958 2 19 490 PASP 0 13.48 62.39 37.97 62.24 67.26 
959 2 19 491 BLUS 0 10.56 68.36 40.58 55.97 59.37 
960 2 19 492 INDY 0 9.40 68.88 39.29 55.44 58.37 
961 2 19 493 TI85 0 10.63 66.79 35.73 55.66 62.28 
962 2 19 494 BLUS 0 10.46 64.99 37.31 55.01 62.81 
963 2 20 407 TIF9 1 
 
67.31 34.03 61.39 
 964 2 20 408 INDY 1 
 
67.76 35.35 60.16 
 965 2 20 409 GAMA 1 
 
65.85 31.46 55.54 
 966 2 20 410 BLUS 0 10.36 63.41 32.08 58.11 65.70 
967 2 20 413 TIF9 1 10.65 67.25 33.63 60.68 62.74 
968 2 20 416 TI85 0 7.28 69.60 33.50 53.74 57.94 
969 2 20 419 TIF9 1 10.17 68.96 35.89 61.46 60.27 
970 2 20 421 TI85 1 10.91 67.40 
 
58.09 
 971 2 20 424 INDY 0 8.78 65.71 32.28 56.66 62.52 
972 2 20 425 SWIT 0 13.45 60.94 26.65 66.97 72.32 
973 2 20 428 PASP 0 13.18 64.41 34.41 62.62 66.85 
974 2 20 429 TI85 1 10.01 60.25 23.32 58.33 70.74 
975 2 20 431 PASP 0 11.88 66.13 35.78 58.43 63.91 
976 2 20 433 TIF9 0 9.03 68.76 34.96 56.60 59.66 
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977 2 20 439 INDY 0 9.62 67.30 33.79 58.87 61.66 
978 2 20 440 INDY 1 9.84 68.79 34.19 60.44 60.68 
982 2 20 454 INDY 1 9.93 66.66 35.19 60.45 61.90 
985 2 20 463 INDY 1 10.28 67.08 34.25 57.13 62.28 
989 2 20 480 INDY 0 10.00 66.52 34.28 55.92 62.40 
990 2 20 484 PASP 0 12.41 66.35 34.62 58.96 64.68 
991 2 20 488 TI85 1 8.36 69.39 34.18 53.97 58.86 
992 2 20 495 TI85 1 7.61 70.73 35.33 52.55 56.80 
993 2 20 496 PASP 1 13.32 66.64 34.56 63.12 65.36 
994 2 21 403 INDY 0 9.90 73.80 34.60 61.70 57.09 
995 2 21 405 SWIT 1 12.10 65.60 29.70 69.70 66.68 
996 2 21 406 GAMA 0 13.90 68.80 32.30 58.90 65.22 
997 2 21 408 INDY 1 10.40 72.60 36.50 66.00 57.72 
998 2 21 412 BLUS 0 11.10 71.70 32.30 67.80 60.53 
999 2 21 414 GAMA 0 13.90 69.10 32.60 59.20 64.90 
1000 2 21 415 SWIT 1 12.30 62.30 28.00 73.40 69.80 
1001 2 21 417 GAMA 1 15.60 69.50 32.20 60.80 66.38 
1002 2 21 420 SWIT 1 12.80 64.60 27.40 72.60 68.88 
1004 2 21 422 GAMA 1 15.40 68.50 30.40 60.90 67.54 
1005 2 21 426 PASP 1 14.50 65.80 32.80 69.70 67.71 
1006 2 21 428 PASP 0 14.00 69.80 32.80 65.00 64.43 
1007 2 22 479 SWIT 0 10.60 66.20 29.10 64.30 65.05 
1008 2 22 480 INDY 0 10.50 73.10 34.50 62.70 58.19 
1009 2 22 482 BLUS 1 13.60 70.70 31.60 71.10 63.85 
1010 2 22 484 PASP 0 13.10 69.60 32.60 64.60 63.79 
1011 2 22 489 INDY 1 10.50 74.20 35.50 63.10 57.06 
1012 2 22 490 PASP 0 14.60 67.50 32.30 67.20 66.79 
1013 2 22 491 BLUS 0 13.70 70.60 33.00 71.20 63.52 
1014 2 22 492 INDY 0 10.20 71.90 34.60 64.40 58.70 
1015 2 22 493 TI85 0 13.40 66.90 31.40 67.80 66.40 
1016 2 22 494 BLUS 0 12.30 70.90 32.60 68.40 62.12 
1017 2 22 496 PASP 1 12.50 71.50 34.90 62.00 61.06 
1018 2 25 454 INDY 1 8.80 76.20 38.00 53.30 53.14 
1020 2 25 463 INDY 1 16.00 68.40 30.90 59.40 68.00 
1021 2 25 464 INDY 1 12.40 70.60 34.00 65.10 61.92 
1022 2 25 465 GAMA 1 13.60 64.60 27.70 68.80 69.53 
1023 2 25 467 INDY 0 8.40 75.10 36.20 52.90 54.18 
1024 2 25 468 GAMA 1 18.60 65.10 31.20 63.20 72.67 
281 
 
1025 2 25 473 PASP 1 12.80 70.00 36.30 62.10 61.89 
1026 2 25 474 GAMA 1 13.30 73.40 35.10 59.90 60.42 
1027 2 25 480 INDY 0 15.00 70.00 31.90 57.80 65.57 
1028 2 25 484 PASP 0 11.60 73.00 36.60 57.80 58.54 
1029 2 25 489 INDY 1 15.20 70.80 33.30 65.10 64.69 
1030 2 25 490 PASP 0 12.60 70.40 34.70 61.90 62.00 
1031 2 25 492 INDY 0 9.80 68.40 36.70 66.20 60.02 
888 2 
 
87 BLUS 1 15.67 59.71 32.25 74.61 73.28 
889 2 
 
90 PASP 0 19.42 53.28 31.58 77.53 81.58 
890 2 
 
92 INDY 0 13.16 62.84 37.88 66.68 66.68 
891 2 
 
96 PASP 1 20.40 54.92 32.94 79.81 80.88 
1033 3 1 412 BLUS 0 12.00 63.80 28.90 67.60 68.14 
1034 3 1 445 SWIT 0 14.00 62.40 28.90 70.10 71.02 
1035 3 1 455 SWIT 1 9.50 67.90 37.00 68.90 59.98 
1036 3 1 465 GAMA 1 11.60 68.80 30.90 63.80 63.54 
1037 3 1 466 SWIT 0 12.90 63.40 30.00 68.60 68.88 
1038 3 1 468 GAMA 1 12.20 68.90 31.40 66.70 63.86 
1039 3 1 473 PASP 1 10.40 67.40 35.70 68.70 61.65 
1040 3 1 491 BLUS 0 14.50 69.60 33.10 58.60 64.94 
1041 3 1 494 BLUS 0 13.50 63.50 28.50 70.10 69.92 
1067 3 2 51 GAMA 
 
11.02 58.94 35.23 62.04 68.33 
1068 3 2 53 GAMA 
 
10.25 61.76 34.81 62.25 65.77 
1042 3 2 401 TIF9 0 8.50 71.50 34.90 57.70 57.26 
1043 3 2 402 SWIT 0 15.30 68.10 32.10 61.10 67.11 
1044 3 2 403 INDY 0 9.50 68.90 37.70 68.70 59.02 
1045 3 2 405 SWIT 1 16.40 64.10 28.20 71.20 72.36 
1046 3 2 406 GAMA 0 11.20 69.20 32.80 60.20 62.19 
1047 3 2 408 INDY 1 14.60 70.70 32.80 57.30 64.37 
1048 3 2 409 GAMA 1 10.20 69.10 32.90 63.10 61.28 
1049 3 2 410 BLUS 0 10.50 63.40 28.70 63.80 67.06 
1050 3 2 412 BLUS 0 12.20 63.80 34.10 68.10 66.45 
1051 3 2 414 GAMA 0 8.40 69.90 36.90 59.30 57.57 
1052 3 2 415 SWIT 1 10.10 68.60 32.80 60.80 61.57 
1053 3 2 417 GAMA 1 8.40 64.70 29.20 62.30 63.98 
1054 3 2 420 SWIT 1 11.10 64.30 33.60 67.80 65.24 
1055 3 2 422 GAMA 1 12.00 69.10 32.90 55.20 62.99 
1056 3 2 424 INDY 0 8.40 66.50 35.90 67.00 60.31 
1057 3 2 425 SWIT 0 8.60 67.10 36.40 66.50 59.90 
282 
 
1058 3 2 430 SWIT 0 10.10 67.30 31.20 67.50 63.05 
1059 3 2 432 GAMA 0 8.00 71.90 39.10 54.10 54.99 
1060 3 2 435 BLUS 1 8.00 71.30 37.40 54.60 56.03 
1061 3 2 439 INDY 0 10.40 65.90 36.10 68.00 62.55 
1062 3 2 443 BLUS 0 8.80 63.70 28.90 63.90 65.17 
1063 3 2 445 SWIT 0 13.70 69.20 31.70 55.70 64.96 
1064 3 2 447 GAMA 0 10.40 66.30 34.30 69.20 62.92 
1063 3 2 448 SWIT 1 10.80 63.00 29.60 65.70 67.30 
1064 3 2 453 BLUS 0 10.40 65.20 34.90 69.30 63.48 
1065 3 2 455 SWIT 1 9.10 69.50 36.60 59.00 58.62 
1066 3 2 458 BLUS 1 8.30 71.90 35.60 58.10 56.54 
1067 3 2 459 GAMA 0 11.02 58.94 35.23 62.04 68.33 
1068 3 2 461 GAMA 0 10.25 61.76 34.81 62.25 65.77 
1089 3 4 1 TIF9 
 
9.96 55.48 30.65 72.71 71.39 
1090 3 4 2 SWIT 
 
11.09 54.10 29.24 72.30 73.94 
1091 3 4 3 INDY 
 
9.09 60.88 31.71 64.43 66.40 
1092 3 4 5 SWIT 
 
12.12 54.42 30.71 74.47 74.16 
1093 3 4 6 GAMA 
 
12.79 60.54 32.93 60.20 69.72 
1094 3 4 7 TIF9 1 10.78 55.57 33.63 72.00 71.04 
1095 3 4 8 INDY 1 11.31 60.47 33.72 65.47 68.08 
1096 3 4 9 GAMA 1 16.38 59.98 31.92 63.65 73.88 
1097 3 4 10 BLUS 0 11.76 59.44 30.64 69.64 70.33 
1098 3 4 11 SWIT 1 12.52 55.25 31.13 71.91 73.81 
1099 3 4 12 BLUS 0 12.35 58.37 29.63 71.80 72.01 
1100 3 4 13 TIF9 1 11.38 58.08 34.23 69.72 69.63 
1101 3 4 14 GAMA 0 14.59 59.46 32.84 62.89 72.22 
1102 3 4 17 GAMA 1 14.88 61.06 33.48 62.37 71.14 
1103 3 4 22 GAMA 1 14.31 62.08 34.37 60.01 69.57 
1104 3 4 24 INDY 0 9.74 60.96 31.67 63.42 66.98 
1105 3 4 25 SWIT 0 13.70 54.86 31.16 71.96 75.20 
1106 3 4 26 PASP 1 16.45 54.33 30.93 73.07 78.26 
1107 3 4 28 PASP 0 13.87 58.84 32.75 68.92 72.00 
1108 3 4 32 GAMA 0 14.00 59.56 32.17 62.19 71.83 
1110 3 4 34 TIF9 0 10.06 56.44 32.37 71.42 70.20 
1111 3 4 42 TIF9 1 11.74 56.22 34.76 71.62 71.09 
1112 3 4 47 GAMA 0 14.28 60.85 32.86 61.75 70.94 
1113 3 4 49 TIF9 0 10.11 56.77 31.34 70.87 70.38 
1114 3 4 50 TIF9 0 10.48 56.81 32.70 69.65 70.22 
283 
 
1115 3 4 56 TIF9 0 10.76 55.82 31.52 71.61 71.60 
1116 3 4 59 GAMA 0 14.30 59.12 33.26 61.37 72.03 
1117 3 4 61 GAMA 0 14.58 57.47 31.00 63.68 74.26 
1119 3 4 68 GAMA 1 16.25 58.76 33.01 63.78 74.22 
1120 3 4 69 TIF9 1 12.98 55.73 32.77 72.23 73.32 
1121 3 4 74 GAMA 1 12.79 56.78 33.36 71.77 72.19 
1122 3 4 75 TIF9 1 11.86 55.18 32.23 72.15 72.84 
1123 3 4 80 INDY 0 11.43 60.04 33.31 66.32 68.64 
1124 3 4 89 INDY 1 11.35 61.36 32.14 66.08 68.06 
1089 3 4 401 TIF9 0 9.96 55.48 
   1090 3 4 402 SWIT 0 11.09 54.10 
   1091 3 4 403 INDY 0 9.08 60.88 
   1092 3 4 405 SWIT 1 12.12 54.42 
   1093 3 4 406 GAMA 0 12.79 60.54 
   1094 3 4 407 TIF9 1 10.78 55.57 
   1095 3 4 408 INDY 1 11.31 60.47 
   1096 3 4 409 GAMA 1 16.38 59.98 
   1097 3 4 410 BLUS 0 11.76 59.44 
   1098 3 4 411 SWIT 1 12.52 55.25 
   1099 3 4 412 BLUS 0 12.35 58.37 
   1100 3 4 413 TIF9 1 
 
58.08 
   1101 3 4 414 GAMA 0 14.59 59.46 
   1102 3 4 417 GAMA 1 14.88 61.06 
   1103 3 4 422 GAMA 1 14.31 62.08 
   1104 3 4 424 INDY 0 9.74 60.96 
   1105 3 4 425 SWIT 0 13.70 54.86 
   1106 3 4 426 PASP 1 16.45 54.33 
   1107 3 4 428 PASP 0 13.87 58.84 
   1108 3 4 432 GAMA 0 14.00 59.56 
   1110 3 4 434 TIF9 0 10.06 56.44 32.37 71.42 70.20 
1111 3 4 442 TIF9 1 11.74 56.22 34.76 71.62 71.09 
1112 3 4 447 GAMA 0 14.28 60.85 32.86 61.75 70.94 
1113 3 4 449 TIF9 0 10.11 56.77 31.34 70.87 70.38 
1114 3 4 450 TIF9 0 10.48 56.81 32.70 69.65 70.22 
1115 3 4 456 TIF9 0 10.76 55.82 31.52 71.61 71.60 
1116 3 4 459 GAMA 0 14.30 59.12 33.26 61.37 72.03 
1117 3 4 461 GAMA 0 14.58 57.47 31.00 63.68 74.26 
1119 3 4 468 GAMA 1 16.25 58.76 33.01 63.78 74.22 
284 
 
1120 3 4 469 TIF9 1 12.98 55.73 32.77 72.23 73.32 
1121 3 4 474 GAMA 1 12.79 56.78 33.36 71.77 72.19 
1122 3 4 475 TIF9 1 11.86 55.18 32.23 72.15 72.84 
1123 3 4 480 INDY 0 11.43 60.04 33.31 66.32 68.64 
1124 3 4 489 INDY 1 11.35 61.36 32.14 66.08 68.06 
1126 3 5 6 GAMA 0 11.22 59.70 32.31 59.13 69.04 
1131 3 5 12 BLUS 0 9.98 61.29 31.28 64.84 67.12 
1148 3 5 33 TIF9 0 10.11 55.56 30.48 71.56 71.54 
1155 3 5 45 SWIT 0 9.10 58.16 28.99 64.42 69.30 
1158 3 5 49 TIF9 0 8.56 59.78 34.46 65.47 65.68 
1159 3 5 51 PASP 0 12.62 60.27 33.21 66.01 69.64 
1161 3 5 54 INDY 1 10.63 60.29 32.43 61.42 68.02 
1162 3 5 55 SWIT 1 9.86 56.93 29.48 67.29 70.70 
1163 3 5 56 TIF9 0 10.18 58.49 34.66 67.07 68.05 
1164 3 5 57 PASP 1 13.66 59.39 32.53 66.21 71.49 
1165 3 5 58 BLUS 1 10.52 60.60 33.27 67.59 67.40 
1166 3 5 59 GAMA 1 12.32 61.15 33.73 57.40 68.56 
1167 3 5 60 TI85 0 8.97 60.90 32.99 59.93 65.82 
1168 3 5 61 GAMA 0 12.67 59.96 30.88 59.26 70.75 
1169 3 5 63 INDY 1 10.78 59.97 32.59 61.59 68.33 
1170 3 5 64 INDY 1 13.09 60.43 35.67 65.96 69.09 
1171 3 5 65 GAMA 1 16.87 58.34 30.69 66.49 75.94 
1172 3 5 66 SWIT 1 9.16 59.47 31.08 62.43 67.68 
1173 3 5 67 INDY 0 9.34 63.37 34.80 59.35 63.79 
1174 3 5 68 GAMA 1 17.10 57.78 29.57 66.33 76.95 
1176 3 5 70 TI85 0 11.00 63.49 34.22 60.12 65.49 
1126 3 5 406 GAMA 0 11.22 59.70 32.31 59.13 69.04 
1131 3 5 412 BLUS 0 9.98 61.29 31.28 64.84 67.12 
1148 3 5 433 TIF9 0 10.11 55.56 30.48 71.56 71.54 
1155 3 5 445 SWIT 0 9.10 58.16 28.99 64.42 69.30 
1158 3 5 449 TIF9 0 8.56 59.78 34.46 65.47 65.68 
1159 3 5 451 PASP 0 12.62 60.27 33.21 66.01 69.64 
1161 3 5 454 INDY 1 10.63 60.29 32.43 61.42 68.02 
1162 3 5 455 SWIT 1 9.86 56.93 29.48 67.29 70.70 
1163 3 5 456 TIF9 0 10.18 58.49 34.66 67.07 68.05 
1164 3 5 457 PASP 1 13.66 59.39 32.53 66.21 71.49 
1165 3 5 458 BLUS 1 10.52 60.60 33.27 67.59 67.40 
1166 3 5 459 GAMA 0 12.32 61.15 33.73 57.40 68.56 
285 
 
1167 3 5 460 TI85 0 8.97 60.90 32.99 59.93 65.82 
1168 3 5 461 GAMA 0 12.67 59.96 30.88 59.26 70.75 
1169 3 5 463 INDY 1 10.78 59.97 32.59 61.59 68.33 
1170 3 5 464 INDY 1 13.09 60.43 35.67 65.96 69.09 
1171 3 5 465 GAMA 1 16.87 58.34 30.69 66.49 75.94 
1172 3 5 466 SWIT 0 9.16 59.47 31.08 62.43 67.68 
1173 3 5 467 INDY 0 9.34 63.37 34.80 59.35 63.79 
1174 3 5 468 GAMA 1 17.10 57.78 29.57 66.33 76.95 
1176 3 5 470 BARE 0 11.00 63.49 34.22 60.12 65.49 
1200 3 6 8 INDY 1 8.81 63.92 34.73 60.96 62.92 
1201 3 6 9 GAMA 0 11.29 63.00 36.30 53.93 65.36 
1211 3 6 21 TI85 1 9.53 64.06 35.43 59.72 63.26 
1215 3 6 26 PASP 1 10.36 62.00 36.77 62.77 65.00 
1218 3 6 30 SWIT 0 9.72 63.94 34.69 57.83 63.79 
1219 3 6 31 PASP 0 11.67 59.78 33.98 66.35 68.81 
1233 3 6 51 PASP 0 9.31 66.58 38.24 58.80 60.27 
1236 3 6 64 INDY 1 9.99 61.87 36.52 62.00 64.83 
1237 3 6 65 GAMA 1 11.78 65.87 36.66 52.71 63.68 
1238 3 6 66 SWIT 0 8.17 64.91 36.53 55.89 60.97 
1239 3 6 67 INDY 0 6.78 63.61 36.60 56.04 60.54 
1240 3 6 68 GAMA 1 10.56 66.74 39.40 50.89 60.93 
1241 3 6 69 TIF9 1 8.59 59.65 39.56 64.29 63.96 
1242 3 6 71 TI85 0 10.68 59.48 33.58 62.53 68.22 
1243 3 6 73 PASP 1 9.55 65.14 39.22 58.67 61.16 
1245 3 6 75 TIF9 1 7.04 61.30 40.52 62.87 60.99 
1246 3 6 79 SWIT 0 9.49 60.86 31.25 60.91 66.96 
1248 3 6 81 TI85 1 10.92 62.90 34.59 61.63 65.69 
1249 3 6 82 
  
9.57 61.61 32.21 61.78 66.17 
1250 3 6 83 BLUS 1 8.91 62.98 33.92 64.74 63.97 
1251 3 6 84 PASP 0 9.29 62.37 35.31 62.44 64.25 
1252 3 6 86 BLUS 1 8.77 60.51 33.74 64.17 65.63 
1255 3 6 89 INDY 1 7.87 63.83 33.58 62.79 62.51 
1258 3 6 92 INDY 0 6.65 63.08 34.37 54.00 61.59 
1261 3 6 95 TI85 1 9.56 61.36 34.22 60.01 65.61 
1200 3 6 408 INDY 1 8.81 63.92 34.73 60.96 62.92 
1201 3 6 409 GAMA 1 11.29 63.00 36.30 53.93 65.36 
1211 3 6 421 TI85 1 9.53 64.06 35.43 59.72 63.26 
1215 3 6 426 PASP 1 10.36 62.00 36.77 62.77 65.00 
286 
 
1218 3 6 430 SWIT 0 9.72 63.94 34.69 57.83 63.79 
1219 3 6 431 PASP 0 11.67 59.78 33.98 66.35 68.81 
1233 3 6 451 PASP 0 9.31 66.58 38.24 58.80 60.27 
1236 3 6 464 INDY 1 9.99 61.87 36.52 62.00 64.83 
1237 3 6 465 GAMA 1 11.78 65.87 36.66 52.71 63.68 
1238 3 6 466 SWIT 0 8.17 64.91 36.53 55.89 60.97 
1239 3 6 467 INDY 0 6.78 63.61 36.60 56.04 60.54 
1240 3 6 468 GAMA 1 10.56 66.74 39.40 50.89 60.93 
1241 3 6 469 TIF9 1 8.59 59.65 39.56 64.29 63.96 
1242 3 6 471 TI85 0 10.68 59.48 33.58 62.53 68.22 
1243 3 6 473 PASP 1 9.55 65.14 39.22 58.67 61.16 
1244 3 6 474 GAMA 1 7.04 61.30 40.52 62.87 60.99 
1245 3 6 475 TIF9 1 9.49 60.86 31.25 60.91 66.96 
1246 3 6 479 SWIT 0 10.92 62.90 34.59 61.63 65.69 
1247 3 6 480 INDY 0 9.57 61.61 32.21 61.78 66.17 
1248 3 6 481 TI85 1 8.91 62.98 33.92 64.74 63.97 
1249 3 6 482 BLUS 1 9.29 62.37 35.31 62.44 64.25 
1250 3 6 483 BLUS 1 8.77 60.51 33.74 64.17 65.63 
1251 3 6 484 PASP 0 7.87 63.83 33.58 62.79 62.51 
1252 3 6 486 BLUS 1 6.65 63.08 34.37 54.00 61.59 

























Shade Forage P   K Ca Mg   S   Fe   Mn    Zn   Cu   Mo   B   
  ---------------------------------------------------------------g kg-1-------------------------------------------------------------------------------------- 
0 BLUS 0.5475 140.9483 27.7492 80.6085 1.4778 6.8239 206.3406 4.1852 3.4720 0.0301 0.7565 
0 BLUS 0.5880 127.7118 31.9383 70.6471 0.6003 6.4688 127.4311 3.4162 3.1406 0.0135 1.6371 
0 BLUS 0.3810 112.4296 27.6269 55.8275 0.5569 6.3966 128.2914 3.1021 2.8153 0.0158 1.0632 
0 BLUS 1.0131 64.5123 1.9979 55.5147 0.5389 11.6659 135.4321 5.2022 9.4932 4.3652 0.0206 
0 BLUS 0.4132 46.6450 1.9368 25.6058 0.3008 10.1941 131.0414 3.4948 6.6861 4.0768 0.0120 
0 BLUS 0.5368 81.8580 2.1683 72.0517 1.0192 19.0226 158.7067 4.6851 6.2441 12.1948 0.0132 
0 BLUS 1.0489 66.1897 1.3681 43.9164 0.6336 14.8812 87.4276 5.1367 12.1042 5.3342 0.0151 
0 BLUS 0.7433 51.8747 1.0918 34.0581 0.7417 14.5010 95.8854 3.2944 5.0877 9.1165 0.0287 
0 BLUS 0.6499 64.8357 2.3245 51.7396 1.1973 11.8026 86.2457 2.9072 7.1512 4.0910 0.0207 
0 BLUS 0.1639 0.7774 0.0012 0.5045 96.8688 0.0177 0.0000 0.0644 3.3229 5.3142 0.1740 
0 BLUS 0.4326 0.4659 0.0023 0.4198 92.4026 0.0179 0.0000 0.0623 4.1724 6.4912 0.1393 
0 BLUS 0.1133 34.8027 0.6321 20.0129 0.1097 27.0277 132.2133 323.2158 6.8093 5.1222 0.0200 
0 BLUS 0.0488 27.6810 0.6718 22.7558 0.0665 16.9834 91.6444 1.9647 3.0402 7.2581 0.0189 
0 BLUS 0.1032 36.0345 0.3705 19.6252 0.0674 11.9895 55.5539 3.1846 7.5587 2.5475 0.0156 
0 BLUS 0.0770 30.9432 0.4730 19.7557 0.0626 11.7054 81.4797 2.9398 6.4742 3.2002 0.0153 
1 BLUS 0.5750 85.9332 1.9354 59.5386 0.8290 15.2850 107.7702 4.1695 6.7689 7.4618 0.0208 
1 BLUS 0.4905 52.6737 2.3148 31.8109 0.3490 12.4963 142.6517 4.1466 7.7458 3.9317 0.0197 
1 BLUS 0.6814 69.0896 2.1030 48.4293 1.0193 16.9529 155.5511 4.1171 6.5441 10.1902 0.0180 
1 BLUS 0.2685 57.9678 13.7863 37.3333 0.2991 4.5760 67.1736 1.6522 1.6520 0.0198 0.8556 
1 BLUS 0.4742 132.9400 28.4517 71.3340 0.5579 4.5495 150.8326 2.8461 2.6065 0.0199 1.7039 
1 BLUS 0.5277 140.7515 29.9341 65.5682 0.6713 8.0267 117.5302 3.5435 3.4006 0.0122 1.3716 
1 BLUS 0.1930 49.6352 10.4303 24.3975 0.2096 2.8891 56.0355 1.1029 1.3431 0.0108 0.5802 
1 BLUS 0.4714 137.7167 26.2282 80.3836 0.6591 8.1450 114.2819 3.4021 3.6276 0.0155 0.9987 
1 BLUS 0.4469 54.5701 1.5385 22.7561 0.5727 38.6361 130.7002 2.0323 3.2623 33.7698 0.0261 
1 BLUS 0.5803 68.6401 1.8586 31.4027 0.4084 11.9235 71.0127 4.3412 7.4340 4.2883 0.0131 
1 BLUS 0.4889 80.0707 2.0953 58.2912 0.7792 15.6207 135.7564 3.9624 8.3466 8.8668 0.0125 
1 BLUS 0.5511 53.3330 1.6027 29.1283 0.3967 13.3827 61.5135 4.1903 6.8973 5.3047 0.0131 
1 BLUS 0.8005 51.1270 1.9276 40.5786 0.4987 11.1893 80.2486 4.6335 7.9518 3.9205 0.0147 
1 BLUS 0.7474 51.7175 2.0169 33.0016 0.4511 13.6553 163.8420 5.3009 8.3142 6.3701 0.0189 
1 BLUS 0.2687 0.0832 0.0028 0.6081 97.1083 0.0236 0.0000 0.0769 4.6517 7.3279 0.0214 
1 BLUS 0.2187 0.0791 0.0004 0.4418 113.3613 0.0238 0.0000 0.0699 5.1280 6.5108 0.0198 
1 BLUS 0.3814 0.0616 0.0028 0.6699 90.6617 0.0322 0.0000 0.0877 8.6491 11.2492 0.0165 
1 BLUS 0.1476 36.3354 0.6770 19.7219 0.1188 13.0835 151.3879 143.0090 6.3425 2.5363 0.0158 
1 BLUS 0.1301 41.1385 0.4345 21.5369 0.0742 19.7032 136.4920 4.1835 6.0032 9.4153 0.0155 
1 BLUS 0.0850 31.5968 0.4679 23.4532 0.0674 16.0947 82.4202 3.4186 7.7803 3.9765 0.0159 
1 BLUS 0.0967 35.7584 0.4833 24.1425 0.0686 10.5502 85.5969 3.3422 6.5610 1.9799 0.0129 
1 BLUS 0.1010 38.1206 0.4228 20.1822 0.0558 10.1934 69.6475 3.4202 7.0156 1.7601 0.0173 
0 GAMA 0.7523 60.4320 1.6463 33.3306 0.9085 26.4155 71.2954 2.0484 1.7066 19.7737 0.0263 
0 GAMA 0.6363 56.1633 1.7598 28.0437 0.6208 58.3436 75.2799 2.0473 2.3896 73.4326 0.0453 
0 GAMA 0.4274 45.2828 1.7543 29.2882 0.3686 13.1265 75.8123 2.9465 4.5499 7.0555 0.0100 
0 GAMA 0.7182 144.2976 19.9875 66.1413 1.0896 9.1237 115.7379 3.2336 3.1596 0.0406 1.6232 
0 GAMA 0.0021 0.9074 -0.0021 0.0101 0.0161 0.1567 0.0641 0.0400 0.2866 0.0374 0.0086 
0 GAMA 0.6362 141.2641 20.6792 57.0189 0.9997 8.0173 146.5978 3.0635 3.2760 0.0453 1.9593 
0 GAMA 0.5891 152.7598 23.2148 73.0813 1.2488 6.5990 113.6886 3.8306 10.3265 0.0276 1.1216 
0 GAMA 0.6457 126.6278 18.8543 59.9384 0.9300 5.3222 115.3378 4.1053 7.7753 0.1433 1.7589 
0 GAMA 0.7618 65.8190 1.6024 45.7803 0.6022 11.3558 96.9621 5.6892 6.5534 3.2671 0.0128 
0 GAMA 0.5750 85.9332 1.9354 59.5386 0.8290 15.2850 107.7702 4.1695 6.7689 7.4618 0.0208 
0 GAMA 0.7605 49.3663 1.5509 31.5843 0.4165 12.2433 186.3750 4.5147 7.5105 1.7721 0.0191 
0 GAMA 0.5471 38.3063 2.3147 36.0277 0.4651 14.6270 138.7826 3.5619 6.0290 1.8904 0.0164 
0 GAMA 1.1610 71.7512 1.6212 50.0318 0.8640 10.5363 126.1673 6.7551 8.9786 2.5947 0.0203 
0 GAMA 0.4212 0.2225 0.0015 0.7257 86.8688 0.0246 0.0000 0.0730 4.1855 9.7025 0.0524 
0 GAMA 0.1027 50.5322 0.2255 19.7917 0.1238 13.8040 48.3137 4.1455 6.3883 2.3282 0.0221 
0 GAMA 0.0950 42.8224 0.2351 20.6393 0.1158 10.5487 47.4298 3.4090 3.7135 1.7870 0.0231 
0 GAMA 0.0990 48.1714 0.3021 26.5385 0.1390 10.5050 47.8857 3.5920 6.7122 1.4352 0.0435 
0 GAMA 0.1079 48.3291 0.2182 22.8991 0.1119 10.7978 40.5828 3.7887 5.1247 2.2209 0.0315 
1 GAMA 0.7618 65.8190 1.6024 45.7803 0.6022 11.3558 96.9621 5.6892 6.5534 3.2671 0.0128 
1 GAMA 0.4600 46.8624 2.0473 26.2932 0.3826 10.9649 81.9753 3.8484 10.2493 6.5459 0.0147 
1 GAMA 0.7389 90.0934 2.6525 61.6005 1.0945 15.9469 288.1072 5.2340 8.0118 9.2056 0.0173 
1 GAMA 0.6225 140.0223 22.5560 67.2908 1.3932 7.9663 128.6850 2.3501 3.9273 0.0172 1.3093 
1 GAMA 0.7294 51.9284 1.2502 36.2134 0.7955 16.1814 87.4111 2.4934 4.5074 8.6679 0.0177 
1 GAMA 0.5241 35.3516 1.9349 28.4280 0.3831 10.3134 55.7536 2.6380 5.3043 3.6632 0.0132 
1 GAMA 0.6985 144.0494 20.9812 67.7124 0.8868 7.0577 116.1870 2.4041 2.9658 0.0272 2.0506 
1 GAMA 0.8050 164.9486 20.7494 74.2694 1.2357 9.0936 135.1450 4.1898 3.9327 0.0179 1.5183 
1 GAMA 0.6263 141.0058 20.4475 70.2402 1.3446 7.4499 136.6021 3.1474 8.8650 0.0155 1.3188 
1 GAMA 0.5677 136.3008 15.0543 60.0534 0.9628 6.5182 123.0207 3.4998 8.4622 0.0519 1.1165 
1 GAMA 0.7843 160.2789 16.0739 75.4604 1.3301 7.4802 138.4923 4.7342 11.2993 0.0479 1.1548 
1 GAMA 0.4905 52.6737 2.3148 31.8109 0.3490 12.4963 142.6517 4.1466 7.7458 3.9317 0.0197 
1 GAMA 0.5254 66.0820 2.1311 44.2288 0.9593 18.1853 163.0019 3.7939 7.4342 13.4515 0.0186 
1 GAMA 0.7114 43.7951 1.7991 29.5371 0.4494 11.7185 94.7470 3.0556 5.2966 6.1551 0.0128 
1 GAMA 0.9652 56.2233 0.9704 37.2148 0.9310 12.9542 103.4591 4.0592 5.0219 7.0253 0.0248 
1 GAMA 0.6802 39.8936 1.9221 32.7848 0.4203 9.7276 135.7538 3.1881 5.4905 3.2497 0.0117 
1 GAMA 1.1814 64.9014 1.5726 60.2521 0.7303 10.2767 118.5895 5.6841 7.7643 3.1521 0.0144 
1 GAMA 0.4979 0.0240 0.0021 0.8823 29.4722 0.0208 0.0000 0.0878 3.4313 8.3739 0.0114 
Table 34.  Shows forage minerals measured for each plot, each forage type in full 
sun and under partial (50%) shade.. 
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1 GAMA 0.4212 0.0224 0.0022 0.6074 36.3580 0.0000 0.0000 0.0815 9.3609 8.9163 0.0097 
1 GAMA 0.4260 0.2305 0.0020 0.9679 48.8767 0.0172 0.0000 0.0778 3.3355 8.9338 0.0472 
1 GAMA 0.1184 30.0168 0.4279 28.2479 0.1126 71.0088 116.5824 65.7041 6.2217 2.6200 0.0216 
1 GAMA 0.1539 42.0471 0.7378 39.0123 0.3023 22.6584 295.6812 47.2745 6.3385 5.0477 0.0160 
1 GAMA 0.1759 52.1235 1.0387 54.2387 0.3327 125.2835 327.3222 227.0820 8.6968 6.8789 0.0264 
1 GAMA 0.0919 45.1184 0.2809 20.4538 0.1164 12.8950 57.0510 3.0872 6.4459 2.0159 0.0324 
1 GAMA 0.1153 49.8415 0.2472 26.7435 0.1481 11.9222 59.6523 4.2168 7.1904 2.7312 0.0327 
1 GAMA 0.1198 44.7801 0.1957 24.2888 0.1278 13.2322 57.7718 4.2103 5.5111 3.1999 0.0319 
0 INDY 0.5655 36.9449 4.2868 42.6837 0.4598 20.4705 278.9136 1.9299 1.3092 11.6129 0.0161 
0 INDY 0.3990 43.7350 1.5657 38.0447 0.5799 33.1576 78.0799 2.8889 6.0208 26.9803 0.0163 
0 INDY 0.4469 54.5701 1.5385 22.7561 0.5727 38.6361 130.7002 2.0323 3.2623 33.7698 0.0261 
0 INDY 0.5749 62.5773 1.7881 33.7394 0.3921 14.6178 97.8456 4.6303 7.7062 7.6147 0.0120 
0 INDY 0.5511 53.3330 1.6027 29.1283 0.3967 13.3827 61.5135 4.1903 6.8973 5.3047 0.0131 
0 INDY 0.7433 51.8747 1.0918 34.0581 0.7417 14.5010 95.8854 3.2944 5.0877 9.1165 0.0287 
0 INDY 0.2706 57.0700 32.9421 41.6980 0.3458 4.7272 249.3146 1.8288 1.7213 0.0606 1.7715 
0 INDY 0.4729 114.7588 47.6331 78.5543 0.6009 8.2164 271.7110 3.4291 3.2120 0.0183 1.7211 
0 INDY 0.3813 112.7237 33.7911 54.2028 0.4962 6.9870 245.6088 3.4341 2.7737 0.0200 1.2001 
0 INDY 0.5328 109.9430 30.5823 73.6041 0.6116 4.7792 402.8919 4.4832 12.4383 0.0249 1.2408 
0 INDY 0.2269 49.1490 11.9163 28.0792 0.2749 2.1613 101.0310 1.9300 4.5030 0.0106 0.5608 
0 INDY 0.5486 70.9970 2.0810 51.5651 1.1218 24.5249 137.1112 3.9503 7.0328 18.0514 0.0166 
0 INDY 0.6814 69.0896 2.1030 48.4293 1.0193 16.9529 155.5511 4.1171 6.5441 10.1902 0.0180 
0 INDY 0.4274 45.2828 1.7543 29.2882 0.3686 13.1265 75.8123 2.9465 4.5499 7.0555 0.0100 
0 INDY 1.0624 60.7134 1.2964 57.3233 0.6720 9.7339 81.8322 4.1592 10.2953 2.4615 0.0396 
0 INDY 0.5793 64.8009 1.8840 59.4327 0.7509 10.7326 97.4361 3.8833 7.9305 3.8529 0.0187 
0 INDY 1.0684 59.6512 1.3055 42.5167 0.9856 12.4565 93.1669 4.9046 5.0626 5.1990 0.0148 
0 INDY 1.2339 67.0141 1.7662 31.9597 0.4943 10.9741 114.4568 5.5501 8.0121 3.4133 0.0161 
0 INDY 0.8250 59.6801 2.0509 53.0099 0.9713 11.7464 136.6530 4.5120 6.3044 5.8555 0.0178 
0 INDY 0.4346 0.0984 0.0015 0.5431 101.9241 0.0246 0.0000 0.0779 5.9831 9.1079 0.0233 
0 INDY 0.2539 0.2993 0.0027 0.7159 84.2173 0.0223 0.0000 0.0646 4.0098 6.4762 0.0889 
0 INDY 0.1844 45.5333 0.3202 26.0758 0.2007 54.7896 118.6178 34.7200 5.9655 2.6553 0.0164 
0 INDY 0.1337 39.3991 0.4956 39.7157 0.1623 30.4905 283.4650 64.0405 5.2628 4.3869 0.0233 
0 INDY 0.0896 27.7460 0.6929 14.0876 0.0822 9.0508 129.7080 7.9530 6.7740 2.9826 0.0147 
0 INDY 0.1038 29.5091 0.8974 21.0191 0.0981 9.6219 205.1743 20.6837 6.0047 2.6419 0.0143 
0 INDY 0.0742 36.2282 0.6327 19.8487 0.0638 12.5975 108.7375 2.7734 5.1216 3.5198 0.0161 
0 INDY 0.0974 49.8828 0.3678 44.1285 0.0825 9.8871 75.3424 4.0253 7.2197 1.2217 0.0193 
0 INDY 0.0790 31.8265 0.5842 21.0593 0.0529 9.6317 143.2414 3.2937 7.0119 0.9373 0.0143 
0 INDY 0.0993 35.0711 0.5508 21.7146 0.0715 10.2402 150.7317 3.6686 7.0297 0.6697 0.0164 
0 INDY 0.0872 34.1113 0.4988 22.2567 0.0693 11.8648 102.8292 3.8619 8.6857 1.4832 0.0260 
1 INDY 0.6609 47.7048 2.0826 36.9488 0.4651 13.5980 146.0601 2.4205 1.4046 4.7471 0.0229 
1 INDY 1.5796 78.6440 1.6484 63.2512 0.6634 15.8262 180.5655 5.4309 2.5702 6.6407 0.0207 
1 INDY 0.5486 70.9970 2.0810 51.5651 1.1218 24.5249 137.1112 3.9503 7.0328 18.0514 0.0166 
1 INDY 0.5681 58.1250 1.5519 31.4701 0.6884 17.0223 110.7433 3.1321 4.5505 11.2128 0.0314 
1 INDY 0.8240 93.6318 2.3456 65.8725 1.1159 17.2119 189.8847 6.7430 8.6966 8.5405 0.0167 
1 INDY 0.7361 46.7769 1.6932 37.3201 0.4051 14.1819 228.1727 3.6913 7.3495 4.2509 0.0144 
1 INDY 0.1536 38.2110 10.3190 23.7502 0.2181 2.6304 80.8786 1.0580 1.1733 0.0266 0.5682 
1 INDY 0.5620 125.2341 34.0621 61.7009 0.6391 7.0581 281.0375 3.2852 3.2919 0.0219 0.8858 
1 INDY 0.6270 139.9464 40.4398 78.4561 0.6466 9.3624 324.6730 5.5284 3.7755 0.0232 1.0363 
1 INDY 0.7113 104.0107 30.6574 76.6494 0.6013 6.4314 231.8583 3.7343 2.5921 0.0193 1.0315 
1 INDY 0.4782 120.3118 39.8862 68.3558 0.5735 7.9065 261.8167 4.5329 3.5063 0.0149 1.2868 
1 INDY 0.5339 146.7725 33.2098 72.0867 0.6312 9.0785 203.9439 4.4775 3.2896 0.0213 0.7375 
1 INDY 0.6337 131.0387 31.5601 71.4608 0.6946 5.4872 338.1043 5.5648 14.5024 0.0160 1.0575 
1 INDY 0.7294 51.9284 1.2502 36.2134 0.7955 16.1814 87.4111 2.4934 4.5074 8.6679 0.0177 
1 INDY 0.9230 60.3183 1.6210 50.9605 0.7883 9.7808 142.8708 5.1657 7.9109 2.2172 0.0330 
1 INDY 1.3369 64.7261 1.6937 54.1260 0.7276 10.2983 157.9996 6.5710 11.6137 3.6423 0.0224 
1 INDY 1.2444 47.1689 2.8683 44.9406 0.5864 12.3458 241.1399 5.2362 7.4829 6.0854 0.0199 
1 INDY 0.8585 58.9188 1.5025 45.7755 0.6748 9.3659 80.7548 4.8434 7.1349 2.5903 0.0192 
1 INDY 1.2071 74.6825 2.3670 72.0545 1.2055 13.3693 240.7306 6.5569 8.1489 6.7336 0.0202 
1 INDY 1.1570 77.4929 1.6106 54.2491 0.7014 12.9405 92.2008 4.8206 8.8918 5.0274 0.0146 
1 INDY 0.2923 0.0203 0.0021 0.4408 78.9307 0.0268 0.0000 0.0795 6.4818 7.7741 0.0136 
1 INDY 0.4000 0.0146 0.0019 0.5269 52.2379 0.0382 0.0000 0.0848 7.6789 8.0590 0.0132 
1 INDY 0.3062 0.9162 0.0027 0.4079 94.0369 0.0241 0.0000 0.0684 5.2992 9.3394 0.1821 
1 INDY 0.2238 37.4843 0.5712 35.4427 0.1532 70.6593 268.3493 137.1550 6.6901 2.4600 0.0295 
1 INDY 0.2264 40.0591 0.7635 28.8110 0.1154 24.3224 350.9538 35.4215 8.0145 4.6902 0.0302 
1 INDY 0.1436 41.6898 0.3488 24.0211 0.1875 54.9050 117.8015 187.6934 5.2784 4.8924 0.0243 
1 INDY 0.1504 42.1875 0.9966 28.4926 0.1148 40.7753 196.2838 51.5386 5.2143 3.8601 0.0180 
1 INDY 0.0948 40.3937 0.5931 21.5218 0.0692 21.7827 118.2245 3.4817 6.5189 7.5852 0.0193 
0 PASP 0.5833 62.8417 3.6395 77.5046 1.0786 15.5692 141.4668 2.2973 1.7625 12.1612 0.0455 
0 PASP 0.7356 86.5696 2.2720 64.0513 1.3886 13.4129 148.1192 2.9016 1.7881 7.7388 0.0214 
0 PASP 0.5850 68.9407 3.3956 60.7591 1.2193 17.2137 178.6462 2.6813 1.6559 10.2111 0.0163 
0 PASP 0.7771 49.5622 2.6575 36.2136 0.5056 15.3785 187.9207 2.8221 1.7063 7.5842 0.0179 
0 PASP 0.6406 66.1196 1.3027 35.4794 0.6824 12.5713 76.2488 2.6891 3.7750 4.4797 0.0214 
0 PASP 0.4934 59.1579 1.3282 26.7846 0.6745 15.4870 102.1651 2.1990 3.7936 9.8451 0.0168 
0 PASP 0.5254 66.0820 2.1311 44.2288 0.9593 18.1853 163.0019 3.7939 7.4342 13.4515 0.0186 
0 PASP 0.5035 158.5429 41.2637 135.8513 1.2641 7.3841 207.1311 2.8121 3.6365 0.0209 0.5152 
0 PASP 0.5513 178.5739 36.6442 120.0725 1.7686 6.6649 219.9171 4.3163 3.6221 0.0176 0.4876 
0 PASP 0.4556 152.6043 35.4387 102.9597 1.4141 5.5565 269.9309 3.7307 3.4792 0.0366 0.6681 
0 PASP 0.5804 190.4549 45.2729 131.5256 1.7494 5.9727 453.4269 4.3665 4.1187 0.0304 0.6871 
0 PASP 0.4814 183.7445 43.8431 132.6221 1.4214 7.4994 282.3073 3.7874 4.3004 0.0148 0.8053 
0 PASP 0.8189 214.7539 50.0609 154.8069 1.8904 8.7984 387.4209 8.1721 4.8169 0.0180 1.1228 
0 PASP 0.5253 127.3563 28.6633 57.5860 0.6718 8.4050 115.4674 4.3228 3.3719 0.0126 1.5566 
0 PASP 0.5213 152.7709 33.0884 122.5476 1.1969 4.7566 179.0730 4.2118 10.9774 0.0227 0.5281 
0 PASP 0.5631 47.5767 2.6501 26.8945 0.4198 10.3047 148.9211 3.6360 5.2218 2.8752 0.0140 
0 PASP 0.5864 62.7809 1.6419 29.5683 0.3572 9.9537 69.9523 3.3103 4.6173 4.0707 0.0116 
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0 PASP 0.6634 52.2680 1.1024 25.6209 0.7009 11.3649 92.4878 3.0563 4.7672 5.1878 0.0312 
0 PASP 0.6423 45.4822 2.1012 28.4776 0.3997 12.5729 154.1430 4.2139 10.9595 4.4391 0.0138 
0 PASP 0.1295 32.2047 0.5917 18.4892 0.0810 54.3325 247.5529 188.2458 6.1033 3.6181 0.0328 
0 PASP 0.2048 42.5062 0.5401 42.4868 0.1952 103.1685 338.2198 165.3711 5.8630 9.3491 0.0212 
0 PASP 0.0914 66.4336 0.8140 54.6881 0.1745 14.9804 151.2873 3.4085 4.6837 3.6267 0.0181 
0 PASP 0.0929 61.6311 0.9609 56.7175 0.1805 17.9807 159.2439 3.8300 5.6000 4.7702 0.0124 
0 PASP 0.1232 57.7172 0.5445 49.8594 0.1844 14.0586 138.7028 3.8398 5.9027 3.8477 0.0206 
0 PASP 0.1291 60.3702 0.5532 48.1081 0.1994 10.9531 231.0452 5.8091 9.0047 1.4991 0.0144 
0 PASP 0.0924 52.9645 0.6268 40.3637 0.1451 17.3101 137.2974 3.9153 8.2212 2.0148 0.0199 
1 PASP 0.6902 79.7500 3.0946 72.1186 1.3208 21.9287 202.6258 2.5091 1.8744 7.6767 0.0158 
1 PASP 0.6494 76.0060 2.5182 62.3213 0.9672 12.7487 173.9569 5.0423 7.0105 5.3126 0.0181 
1 PASP 0.5631 47.5767 2.6501 26.8945 0.4198 10.3047 148.9211 3.6360 5.2218 2.8752 0.0140 
1 PASP 0.7547 62.7366 2.3508 41.6864 1.1132 17.0739 250.1592 5.1104 7.0788 8.4235 0.0180 
1 PASP 0.5803 68.6401 1.8586 31.4027 0.4084 11.9235 71.0127 4.3412 7.4340 4.2883 0.0131 
1 PASP 0.4826 193.5304 36.7976 130.0139 1.9546 6.3774 242.3436 3.2943 3.4697 0.0182 0.5080 
1 PASP 0.4982 175.7740 33.3130 116.3308 1.6163 5.1502 321.7193 3.1053 3.4873 0.0475 0.5764 
1 PASP 0.3005 124.4324 27.5291 97.6531 0.9757 5.9665 174.3815 2.0456 2.7568 0.0203 0.4628 
1 PASP 0.5946 220.0766 47.3960 176.5479 2.6365 8.6143 286.6921 4.5706 4.8960 0.0178 0.5893 
1 PASP 0.4205 173.3570 34.0569 142.8086 1.6470 8.4633 237.9151 4.4553 4.4454 0.0211 0.5362 
1 PASP 0.5739 181.2746 30.8950 115.8557 1.6238 5.0103 226.3221 4.5913 13.8781 0.0213 0.5695 
1 PASP 0.6494 76.0060 2.5182 62.3213 0.9672 12.7487 173.9569 5.0423 7.0105 5.3126 0.0181 
1 PASP 0.5024 50.2603 1.4511 29.9533 0.3292 7.9639 69.8625 3.1013 5.9118 3.2359 0.0364 
1 PASP 0.6406 66.1196 1.3027 35.4794 0.6824 12.5713 76.2488 2.6891 3.7750 4.4797 0.0214 
1 PASP 0.8240 93.6318 2.3456 65.8725 1.1159 17.2119 189.8847 6.7430 8.6966 8.5405 0.0167 
1 PASP 0.4934 59.1579 1.3282 26.7846 0.6745 15.4870 102.1651 2.1990 3.7936 9.8451 0.0168 
1 PASP 0.7361 46.7769 1.6932 37.3201 0.4051 14.1819 228.1727 3.6913 7.3495 4.2509 0.0144 
1 PASP 0.3461 0.0206 0.0027 0.3143 97.5546 0.0271 0.0000 0.0740 5.2678 7.4947 0.0136 
1 PASP 0.8633 0.1227 0.0028 0.3859 102.2822 0.0295 0.0000 0.0929 7.2416 11.9390 0.0312 
1 PASP 0.3682 0.2415 0.0023 0.2815 82.6734 0.0214 0.0000 0.0678 4.4116 7.1784 0.1000 
1 PASP 0.1184 28.7992 0.7253 21.5470 0.0905 32.3957 244.3976 72.2499 7.1408 6.2199 0.0247 
1 PASP 0.1111 40.6072 0.4246 20.6128 0.1755 18.9297 150.5467 13.2099 5.5980 6.6458 0.0199 
1 PASP 0.1102 53.0118 0.4591 49.9151 0.1585 9.8203 117.3305 3.0794 4.9159 2.0850 0.0129 
1 PASP 0.1004 68.7915 0.6839 53.6597 0.1928 12.1871 166.9967 3.9418 7.6688 2.7763 0.0164 
1 PASP 0.1152 60.5225 0.7558 55.1126 0.1775 13.3788 114.0753 3.7313 6.5438 3.5469 0.0168 
0 SWIT 1.2848 63.1490 1.4141 53.2300 0.7620 21.1419 90.1393 3.5148 2.1715 18.5729 0.0312 
0 SWIT 0.8178 67.6429 1.7393 42.7306 1.0154 19.7489 119.3285 3.7597 2.2593 18.3539 0.0442 
0 SWIT 0.4771 46.0605 1.6071 37.1155 0.6332 35.1843 118.3053 3.1286 6.2872 31.9194 0.0170 
0 SWIT 0.5024 50.2603 1.4511 29.9533 0.3292 7.9639 69.8625 3.1013 5.9118 3.2359 0.0364 
0 SWIT 0.5864 62.7809 1.6419 29.5683 0.3572 9.9537 69.9523 3.3103 4.6173 4.0707 0.0116 
0 SWIT 0.6818 139.7336 22.1673 95.0389 0.8703 6.4024 133.6072 3.9954 3.9836 0.0184 0.7304 
0 SWIT 1.0146 147.6512 23.7635 100.2162 0.9495 8.0817 177.3456 4.9371 4.2240 0.0201 0.7389 
0 SWIT 0.7696 143.5231 27.7160 99.4896 0.9451 8.8418 202.1913 4.3620 4.1079 0.0247 0.9012 
0 SWIT 0.6756 138.5980 24.4957 97.7428 0.9141 6.8632 128.0841 3.9836 4.2094 0.0239 0.9674 
0 SWIT 0.6769 126.7006 19.5979 79.9516 0.8995 5.5530 119.5556 4.8432 12.1565 0.0193 0.8594 
0 SWIT 0.9169 125.4754 23.4335 87.8825 0.9490 5.1869 147.8453 5.5106 22.8475 0.0186 0.7799 
0 SWIT 0.9777 57.0164 1.3095 31.5077 1.0017 14.4046 107.4810 3.4234 6.6052 6.3280 0.0502 
0 SWIT 0.7199 50.2289 2.0175 31.6253 0.4574 9.2876 152.0367 4.4683 11.4998 2.2955 0.0216 
0 SWIT 0.6484 45.0974 2.1223 30.3781 0.4169 9.7426 153.6472 4.8704 7.6132 3.2477 0.0144 
0 SWIT 0.7678 64.0718 2.0759 48.8760 1.2093 11.3451 121.9813 3.5212 6.9350 3.3272 0.0149 
0 SWIT 0.2113 0.0168 0.0018 0.4158 25.6874 0.0222 0.0000 0.0619 4.9039 6.1789 0.0111 
0 SWIT 0.3536 0.0898 0.0023 0.4350 52.3355 0.0245 0.0000 0.0851 5.4260 9.0208 0.0246 
0 SWIT 0.1328 31.9428 0.4780 18.0207 0.0868 22.9374 179.9945 80.2178 6.5345 1.4028 0.0307 
0 SWIT 0.1240 33.1338 0.5322 20.1624 0.0832 8.4105 205.4136 8.2223 7.1361 1.8515 0.0178 
0 SWIT 0.1540 49.2239 0.7420 39.3501 0.1642 20.0389 127.1198 54.2904 11.1454 5.6056 0.0172 
0 SWIT 0.1096 46.6102 0.4028 27.8696 0.1200 31.6861 54.0677 57.9501 8.6855 3.9568 0.0560 
1 SWIT 0.9942 58.8671 2.2139 57.8118 0.6242 17.3220 86.0600 2.9059 1.9449 11.9155 0.0271 
1 SWIT 0.6371 80.9899 3.3590 65.8811 1.0993 17.2671 250.8820 2.6967 1.6856 10.0370 0.0173 
1 SWIT 0.4132 46.6450 1.9368 25.6058 0.3008 10.1941 131.0414 3.4948 6.6861 4.0768 0.0120 
1 SWIT 0.8111 164.9657 24.6064 100.7489 0.9244 6.7909 164.9251 4.3442 4.3061 0.0185 0.5375 
1 SWIT 0.7605 49.3663 1.5509 31.5843 0.4165 12.2433 186.3750 4.5147 7.5105 1.7721 0.0191 
1 SWIT 0.7666 150.9957 22.1050 122.2890 0.8562 6.8643 220.3607 3.0976 4.2176 0.0195 0.7196 
1 SWIT 0.7597 155.4766 19.7717 81.2396 0.8370 4.6595 163.3531 5.2004 4.0132 0.0286 0.8969 
1 SWIT 0.7942 144.9776 20.7200 109.4668 0.9251 5.8310 159.1663 4.5729 13.8374 0.0218 0.6849 
1 SWIT 0.7441 131.6327 21.2366 98.5596 0.8786 5.4308 169.3436 6.3110 15.7848 0.0468 0.7632 
1 SWIT 0.4249 90.9144 10.5887 62.2406 0.4838 2.5460 126.9934 2.5106 7.5119 0.0265 0.5575 
1 SWIT 0.4771 46.0605 1.6071 37.1155 0.6332 35.1843 118.3053 3.1286 6.2872 31.9194 0.0170 
1 SWIT 0.7547 62.7366 2.3508 41.6864 1.1132 17.0739 250.1592 5.1104 7.0788 8.4235 0.0180 
1 SWIT 0.6735 56.5222 1.4942 30.3319 0.7670 11.4648 70.0825 3.0749 5.3838 4.4790 0.0286 
1 SWIT 0.5241 35.3516 1.9349 28.4280 0.3831 10.3134 55.7536 2.6380 5.3043 3.6632 0.0132 
1 SWIT 0.6371 49.5075 1.9550 27.1219 0.4479 8.8679 165.4302 4.0967 9.1801 1.2825 0.0167 
1 SWIT 0.7676 46.9986 2.2634 33.1069 0.4972 13.0806 182.3335 5.2790 8.1353 5.5325 0.0178 
1 SWIT 0.7604 56.6421 1.8626 35.0770 0.4911 11.5266 74.7379 3.3228 7.4594 2.5745 0.0152 
1 SWIT 0.3721 0.1676 0.0018 0.3534 48.2176 0.0245 0.0000 0.0643 6.9637 9.2204 0.0612 
1 SWIT 0.0982 31.2345 0.7756 41.0429 0.1966 23.5158 236.4059 27.6991 5.7606 5.1122 0.0600 
1 SWIT 0.2042 48.6600 0.8471 36.1295 0.3433 53.4398 396.3391 64.2089 7.1817 3.2280 0.0220 
0 TI85 0.1098 53.6528 0.2715 27.6328 0.1742 13.0035 67.9985 3.6407 4.5213 3.3718 0.0298 
0 TI85 0.0873 37.0660 0.6288 20.8972 0.1480 9.8641 74.2051 3.5527 6.0106 2.7482 0.0143 
0 TI85 0.0786 42.7759 0.5851 24.3384 0.1542 12.2393 105.8814 3.6228 5.8425 2.6119 0.0123 
0 TI85 0.0865 41.0732 0.5821 27.1111 0.1607 12.1710 97.7113 4.7996 6.8829 4.5031 0.0185 
1 TI85 0.1362 48.7697 0.7538 28.0031 0.2002 14.6747 79.2498 4.4996 8.3171 5.2381 0.0200 
0 TIF9 0.9470 67.9220 1.8639 33.1459 1.0361 22.6076 184.9284 4.5636 1.6350 12.7852 0.0177 
0 TIF9 0.6409 52.9116 2.1067 51.7970 1.0050 48.6996 183.4492 3.2732 2.3306 48.0274 0.0188 
0 TIF9 0.6370 62.0248 2.0071 39.2757 0.9451 22.6866 139.6232 2.2134 1.7087 22.8110 0.0218 
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0 TIF9 0.4861 54.6402 2.0271 42.3188 0.9052 25.9845 109.0559 2.0998 1.9903 22.2556 0.0184 
0 TIF9 0.6780 90.0847 2.7893 71.4481 1.2157 21.1772 164.7632 2.6211 2.1286 10.4222 0.0205 
0 TIF9 0.4889 80.0707 2.0953 58.2912 0.7792 15.6207 135.7564 3.9624 8.3466 8.8668 0.0125 
0 TIF9 0.6102 131.1119 25.4636 72.8338 1.4793 5.9282 219.3043 3.4232 3.3602 0.0246 0.6483 
0 TIF9 0.4574 109.3547 25.3190 87.2591 1.4553 7.7449 227.3582 3.9817 3.6543 0.1021 0.7995 
0 TIF9 0.4552 132.9918 26.6919 69.8615 1.2037 7.5978 191.4233 2.6868 2.8280 0.0259 0.8429 
0 TIF9 0.3724 115.1292 21.2982 65.9558 1.0337 6.1026 117.2577 2.4856 2.6724 0.0235 0.8125 
0 TIF9 0.3990 43.7350 1.5657 38.0447 0.5799 33.1576 78.0799 2.8889 6.0208 26.9803 0.0163 
0 TIF9 0.4600 46.8624 2.0473 26.2932 0.3826 10.9649 81.9753 3.8484 10.2493 6.5459 0.0147 
0 TIF9 0.7389 90.0934 2.6525 61.6005 1.0945 15.9469 288.1072 5.2340 8.0118 9.2056 0.0173 
0 TIF9 0.8691 51.1567 1.8070 62.0461 0.7178 13.4633 102.9455 4.2366 6.6269 4.6180 0.0167 
0 TIF9 0.0842 31.8551 0.7108 40.0057 0.1876 104.7577 232.0056 143.4251 5.4341 5.3719 0.0330 
0 TIF9 0.0013 39.2328 0.0055 15.9478 0.0007 14.4476 45.9807 1.5014 1.2949 13.7468 0.0133 
0 TIF9 0.0764 37.6755 0.4589 30.8330 0.1208 8.7265 202.6292 3.9122 6.1254 1.9862 0.0127 
1 TIF9 11.4232 114.9913 22.7213 178.3370 3.1005 518.4207 326.2333 109.2169 66.5363 258.3321 16.5555 
1 TIF9 1.0131 64.5123 1.9979 55.5147 0.5389 11.6659 135.4321 5.2022 9.4932 4.3652 0.0206 
1 TIF9 11.1834 112.9466 22.1451 175.9086 2.9797 513.5692 317.4563 106.8457 65.2604 254.5866 16.2333 
1 TIF9 0.5368 81.8580 2.1683 72.0517 1.0192 19.0226 158.7067 4.6851 6.2441 12.1948 0.0132 
1 TIF9 0.4550 145.9766 26.8852 93.3429 1.6888 5.3873 181.4528 2.8729 3.8351 0.0239 0.6252 
1 TIF9 0.6905 144.4470 31.7341 71.1408 1.4916 8.4630 316.1846 5.9553 3.7088 0.0629 1.0402 
1 TIF9 0.5548 151.5460 31.6232 86.7611 1.4337 6.9886 230.3874 4.1455 3.9671 0.0168 0.7750 
1 TIF9 0.5092 146.5179 33.3703 78.2539 1.3605 7.5153 238.0497 3.8020 4.0157 0.0205 0.7905 
1 TIF9 0.5391 146.8970 27.6882 80.8041 1.4665 4.5618 150.4956 4.7755 13.5043 0.0222 0.7225 
1 TIF9 0.5286 145.4453 28.2428 81.7689 1.5677 6.2533 116.9392 3.4911 10.8796 0.0268 0.7424 
1 TIF9 0.4394 133.4055 26.2423 90.4023 1.4940 5.7326 152.2161 3.8544 12.0601 0.0385 0.7527 
1 TIF9 0.5681 58.1250 1.5519 31.4701 0.6884 17.0223 110.7433 3.1321 4.5505 11.2128 0.0314 
1 TIF9 0.5749 62.5773 1.7881 33.7394 0.3921 14.6178 97.8456 4.6303 7.7062 7.6147 0.0120 
1 TIF9 0.8983 64.1594 1.6860 35.6131 0.4909 12.5057 201.2209 5.3449 8.8006 2.2229 0.0151 
1 TIF9 0.9054 66.0472 1.2021 34.1673 0.8936 13.7173 76.0095 3.5202 5.6031 6.4891 0.0408 
1 TIF9 0.4053 0.1647 0.0030 0.4186 24.2329 0.0253 0.0000 0.0839 4.3309 8.1609 0.0375 
1 TIF9 0.3602 0.0690 0.0015 0.3764 20.1963 0.0280 0.0000 0.0796 5.6442 6.7880 0.0281 
1 TIF9 0.1771 43.8991 0.8933 58.7438 0.1970 26.3383 318.3256 34.8087 6.4400 8.3029 0.0193 
1 TIF9 0.1302 46.0964 0.9632 35.9991 0.2564 22.8850 249.2764 31.0503 7.9458 11.5888 0.0245 
1 TIF9 0.1635 74.3534 1.1450 60.6400 0.2765 18.1791 302.9269 14.2838 14.2549 4.6120 0.0194 
1 TIF9 0.0986 48.3158 0.6920 45.0416 0.1974 27.5932 94.2277 3.8102 7.3895 10.8705 0.0177 







































325 0.0241 0.0546 0.0929 
 
326 0.0238 0.0589 0.0961 
 
327 0.0255 0.0631 0.1046 
 
328 0.029 0.0674 0.1167 
 
329 0.0336 0.072 0.1228 
 
330 0.0358 0.0789 0.1316 
 
331 0.0355 0.0881 0.1443 
 
332 0.0368 0.0869 0.1394 
 
333 0.0396 0.0861 0.1367 
 
334 0.0439 0.0926 0.1473 
 
335 0.0472 0.1001 0.1592 
 
336 0.0486 0.1064 0.1687 
 
337 0.0474 0.1082 0.1722 
 
338 0.0488 0.1119 0.1792 
 
339 0.053 0.1185 0.1903 
 
340 0.0556 0.1243 0.1987 
 
341 0.0578 0.1294 0.2061 
 
342 0.0603 0.1343 0.2142 
 
343 0.0614 0.1385 0.2215 
 
344 0.0622 0.1431 0.2293 
 
345 0.0649 0.1499 0.2396 
 
346 0.0668 0.1553 0.2483 
 
347 0.068 0.1596 0.2557 
 
348 0.0704 0.1659 0.2659 
 
349 0.0725 0.1717 0.2753 
 
350 0.074 0.1761 0.2827 
 
351 0.0767 0.1822 0.2921 
 
352 0.0794 0.1883 0.3017 
 
353 0.0803 0.1928 0.3093 
 
354 0.0815 0.1966 0.3163 
 
355 0.0831 0.2004 0.3232 




) for loblolly pine, structures, and in full sun at 




356 0.0848 0.2051 0.3313 
 
357 0.0857 0.209 0.3382 
 
358 0.086 0.2122 0.3439 
 
359 0.0875 0.2171 0.3528 
 
360 0.0897 0.2233 0.3638 
 
361 0.0918 0.2303 0.3753 
 
362 0.0943 0.2389 0.3898 
 
363 0.0973 0.2485 0.4061 
 
364 0.1005 0.2571 0.4205 
 
365 0.1036 0.2655 0.4346 
 
366 0.1063 0.2733 0.4477 
 
367 0.107 0.2773 0.4551 
 
368 0.1075 0.2803 0.461 
 
369 0.1094 0.2842 0.4683 
 
370 0.1101 0.2878 0.4743 
 
371 0.1097 0.2902 0.4785 
 
372 0.1092 0.2908 0.4806 
 
373 0.1084 0.2913 0.4826 
 
374 0.1074 0.2919 0.4849 
 
375 0.1068 0.2921 0.4863 
 
376 0.1066 0.2927 0.4883 
 
377 0.1067 0.2942 0.4912 
 
378 0.1068 0.2945 0.4926 
 
379 0.1067 0.2945 0.4933 
 
380 0.1061 0.2952 0.4948 
 
381 0.1047 0.2936 0.4927 
 
382 0.1028 0.29 0.4876 
 
383 0.101 0.2874 0.4843 
 
384 0.1 0.2871 0.4849 
 
385 0.1 0.2895 0.4899 
 
386 0.1004 0.2921 0.4957 
 
387 0.101 0.2957 0.5028 
 
388 0.1017 0.3008 0.5117 
 
389 0.1032 0.306 0.5211 
 
390 0.105 0.311 0.5303 
 
391 0.1054 0.3157 0.5388 
 
392 0.1069 0.3223 0.5506 
 




394 0.1119 0.3413 0.585 
 
395 0.1149 0.3545 0.6089 
 
396 0.1197 0.3724 0.6415 
 
397 0.1259 0.3928 0.6777 
 
398 0.1327 0.4147 0.7157 
 
399 0.1392 0.437 0.7551 
BLUE 400 0.1462 0.4602 0.7958 
BLUE 401 0.1529 0.4825 0.8345 
BLUE 402 0.1575 0.4984 0.8619 
BLUE 403 0.1605 0.5096 0.882 
BLUE 404 0.1624 0.5175 0.897 
BLUE 405 0.1628 0.5217 0.9052 
BLUE 406 0.1623 0.5241 0.91 
BLUE 407 0.1621 0.5267 0.9159 
BLUE 408 0.1628 0.5316 0.9254 
BLUE 409 0.1643 0.5384 0.9379 
BLUE 410 0.1655 0.5445 0.9495 
BLUE 411 0.1666 0.5495 0.9596 
BLUE 412 0.1676 0.5535 0.9678 
BLUE 413 0.1678 0.5575 0.9756 
BLUE 414 0.1678 0.561 0.9824 
BLUE 415 0.1677 0.5636 0.9876 
BLUE 416 0.1676 0.5651 0.9912 
BLUE 417 0.1674 0.5657 0.9935 
BLUE 418 0.1666 0.5659 0.9949 
BLUE 419 0.1657 0.5654 0.9949 
BLUE 420 0.1647 0.5645 0.9937 
BLUE 421 0.1639 0.5638 0.9933 
BLUE 422 0.1628 0.5623 0.9916 
BLUE 423 0.1611 0.5591 0.9867 
BLUE 424 0.1592 0.5539 0.9781 
BLUE 425 0.1574 0.5481 0.9687 
BLUE 426 0.1557 0.5446 0.9633 
BLUE 427 0.154 0.5414 0.9582 
BLUE 428 0.1525 0.5386 0.9539 
BLUE 429 0.1513 0.5378 0.9532 
BLUE 430 0.1509 0.5396 0.9573 
BLUE 431 0.1516 0.5443 0.9671 
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BLUE 432 0.1533 0.5527 0.9833 
BLUE 433 0.1558 0.5644 1.0048 
BLUE 434 0.1594 0.5783 1.0303 
BLUE 435 0.1625 0.5913 1.054 
BLUE 436 0.1649 0.6026 1.0745 
BLUE 437 0.1673 0.6127 1.0931 
BLUE 438 0.1692 0.6212 1.1092 
BLUE 439 0.1706 0.6284 1.123 
BLUE 440 0.1716 0.6354 1.1363 
BLUE 441 0.1729 0.6435 1.1517 
BLUE 442 0.175 0.654 1.1714 
BLUE 443 0.1776 0.6652 1.1922 
BLUE 444 0.1802 0.676 1.2121 
BLUE 445 0.1821 0.685 1.2289 
BLUE 446 0.1835 0.6926 1.2434 
BLUE 447 0.1845 0.6994 1.2563 
BLUE 448 0.1856 0.7071 1.2711 
BLUE 449 0.1871 0.7154 1.2871 
BLUE 450 0.1891 0.724 1.3029 
BLUE 451 0.1901 0.7297 1.3136 
BLUE 452 0.1901 0.7325 1.3195 
BLUE 453 0.1901 0.7336 1.3223 
BLUE 454 0.1896 0.7338 1.3234 
BLUE 455 0.1888 0.7343 1.325 
BLUE 456 0.1886 0.7369 1.3307 
BLUE 457 0.1889 0.7405 1.3382 
BLUE 458 0.1893 0.7439 1.3451 
BLUE 459 0.1888 0.7445 1.3471 
BLUE 460 0.1878 0.7438 1.3466 
BLUE 461 0.1872 0.744 1.3476 
BLUE 462 0.1868 0.7448 1.3496 
BLUE 463 0.1862 0.7453 1.3513 
BLUE 464 0.1856 0.7439 1.3497 
BLUE 465 0.1847 0.742 1.347 
BLUE 466 0.1836 0.7405 1.3447 
BLUE 467 0.1826 0.7394 1.3435 
BLUE 468 0.1819 0.7391 1.3439 
BLUE 469 0.1813 0.74 1.3467 
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BLUE 470 0.1814 0.7423 1.3517 
BLUE 471 0.1819 0.7454 1.3579 
BLUE 472 0.1814 0.7481 1.3635 
BLUE 473 0.1814 0.7513 1.3703 
BLUE 474 0.1823 0.7551 1.3783 
BLUE 475 0.1827 0.7583 1.385 
BLUE 476 0.1827 0.761 1.3905 
BLUE 477 0.1824 0.763 1.3946 
BLUE 478 0.1821 0.7647 1.3984 
BLUE 479 0.1817 0.7649 1.3997 
BLUE 480 0.1807 0.762 1.395 
BLUE 481 0.1793 0.7575 1.3871 
BLUE 482 0.1776 0.7518 1.3769 
BLUE 483 0.1758 0.7449 1.3642 
BLUE 484 0.1737 0.7373 1.3503 
BLUE 485 0.1713 0.7294 1.3369 
BLUE 486 0.1689 0.7226 1.3255 
BLUE 487 0.167 0.7186 1.3193 
BLUE 488 0.1666 0.7196 1.322 
BLUE 489 0.1675 0.7251 1.3328 
BLUE 490 0.1691 0.7331 1.3479 
BLUE 491 0.1702 0.739 1.3594 
BLUE 492 0.1706 0.7427 1.3667 
BLUE 493 0.1704 0.7441 1.3698 
BLUE 494 0.1701 0.7449 1.3721 
BLUE 495 0.1697 0.7451 1.373 
BLUE 496 0.1691 0.7444 1.3718 
BLUE 497 0.1685 0.7421 1.3677 
BLUE 498 0.1677 0.7386 1.3615 
BLUE 499 0.1662 0.7346 1.3547 
GREEN 500 0.1649 0.731 1.3488 
GREEN 501 0.164 0.7287 1.3449 
GREEN 502 0.1634 0.728 1.3444 
GREEN 503 0.1632 0.729 1.3471 
GREEN 504 0.1635 0.7317 1.3527 
GREEN 505 0.1642 0.7352 1.3595 
GREEN 506 0.1649 0.7385 1.3656 
GREEN 507 0.1648 0.7401 1.3689 
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GREEN 508 0.1646 0.7402 1.3695 
GREEN 509 0.1643 0.739 1.3676 
GREEN 510 0.1639 0.737 1.3641 
GREEN 511 0.1629 0.7332 1.3572 
GREEN 512 0.1612 0.7272 1.3463 
GREEN 513 0.1597 0.7204 1.3339 
GREEN 514 0.1581 0.7134 1.3208 
GREEN 515 0.1564 0.7063 1.308 
GREEN 516 0.1548 0.7006 1.2977 
GREEN 517 0.1537 0.697 1.2917 
GREEN 518 0.1531 0.6964 1.2913 
GREEN 519 0.1535 0.7002 1.2989 
GREEN 520 0.155 0.708 1.3138 
GREEN 521 0.1568 0.7157 1.3282 
GREEN 522 0.1584 0.722 1.3399 
GREEN 523 0.159 0.7262 1.3474 
GREEN 524 0.1597 0.7293 1.3534 
GREEN 525 0.1603 0.7316 1.3579 
GREEN 526 0.1602 0.7326 1.3598 
GREEN 527 0.1599 0.7329 1.3607 
GREEN 528 0.1598 0.7337 1.3628 
GREEN 529 0.1609 0.7385 1.372 
GREEN 530 0.1623 0.7441 1.3825 
GREEN 531 0.163 0.7478 1.3893 
GREEN 532 0.1631 0.7488 1.3913 
GREEN 533 0.1626 0.7478 1.3897 
GREEN 534 0.1619 0.7458 1.3866 
GREEN 535 0.1615 0.7446 1.3848 
GREEN 536 0.1614 0.7444 1.3843 
GREEN 537 0.1609 0.7428 1.3813 
GREEN 538 0.1602 0.7404 1.3769 
GREEN 539 0.1596 0.7376 1.3723 
GREEN 540 0.1588 0.7352 1.3682 
GREEN 541 0.1581 0.7339 1.3662 
GREEN 542 0.158 0.7346 1.368 
GREEN 543 0.1582 0.7365 1.3717 
GREEN 544 0.1584 0.7388 1.3763 
GREEN 545 0.159 0.7408 1.38 
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GREEN 546 0.1593 0.7419 1.3821 
GREEN 547 0.159 0.7419 1.3824 
GREEN 548 0.1587 0.7418 1.3824 
GREEN 549 0.1585 0.7419 1.383 
GREEN 550 0.1584 0.7425 1.3844 
GREEN 551 0.1582 0.7426 1.3848 
GREEN 552 0.1579 0.742 1.3838 
GREEN 553 0.1576 0.7409 1.3818 
GREEN 554 0.1571 0.7391 1.3785 
GREEN 555 0.1564 0.7364 1.3738 
GREEN 556 0.1556 0.733 1.3676 
GREEN 557 0.1545 0.729 1.3606 
GREEN 558 0.1532 0.725 1.3536 
GREEN 559 0.1525 0.7225 1.3493 
GREEN 560 0.1522 0.7217 1.348 
GREEN 561 0.1519 0.7222 1.3497 
GREEN 562 0.1518 0.723 1.3515 
GREEN 563 0.1517 0.7234 1.3521 
GREEN 564 0.1515 0.7226 1.3508 
GREEN 565 0.1509 0.7206 1.3475 
GREEN 566 0.1496 0.7177 1.3426 
GREEN 567 0.1487 0.7155 1.3389 
GREEN 568 0.148 0.714 1.3365 
GREEN 569 0.1477 0.7131 1.3351 
GREEN 570 0.1473 0.7123 1.334 
GREEN 571 0.1468 0.7118 1.3335 
GREEN 572 0.1466 0.7126 1.3357 
GREEN 573 0.1465 0.7138 1.3382 
GREEN 574 0.1465 0.7145 1.3396 
GREEN 575 0.146 0.7133 1.3376 
GREEN 576 0.1453 0.7117 1.3348 
GREEN 577 0.1448 0.7111 1.334 
GREEN 578 0.1449 0.7117 1.3356 
GREEN 579 0.1454 0.7133 1.3391 
GREEN 580 0.1455 0.7156 1.3434 
GREEN 581 0.1459 0.7182 1.3482 
GREEN 582 0.1462 0.7201 1.3518 
GREEN 583 0.1459 0.7193 1.3504 
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GREEN 584 0.145 0.7156 1.3437 
GREEN 585 0.1436 0.7093 1.3322 
GREEN 586 0.1421 0.7018 1.3183 
GREEN 587 0.1406 0.6941 1.304 
GREEN 588 0.1393 0.6872 1.291 
GREEN 589 0.138 0.6818 1.2813 
GREEN 590 0.137 0.6795 1.2774 
GREEN 591 0.1379 0.6835 1.2852 
GREEN 592 0.139 0.6889 1.2956 
GREEN 593 0.1393 0.6919 1.3012 
GREEN 594 0.1391 0.6911 1.2998 
GREEN 595 0.1384 0.6871 1.2924 
GREEN 596 0.1368 0.6809 1.2813 
GREEN 597 0.1353 0.6748 1.2705 
GREEN 598 0.1342 0.6703 1.2626 
GREEN 599 0.1332 0.668 1.2593 
GREEN 600 0.1329 0.6692 1.2623 
RED 601 0.1334 0.6737 1.2714 
RED 602 0.1338 0.6784 1.2809 
RED 603 0.1342 0.6827 1.2895 
RED 604 0.1349 0.6863 1.2965 
RED 605 0.1354 0.6882 1.2999 
RED 606 0.1356 0.6883 1.2998 
RED 607 0.1353 0.6875 1.2981 
RED 608 0.1352 0.6864 1.2957 
RED 609 0.1355 0.6856 1.2936 
RED 610 0.1359 0.6844 1.2908 
RED 611 0.1362 0.6831 1.2879 
RED 612 0.1365 0.6821 1.2853 
RED 613 0.1366 0.6806 1.2816 
RED 614 0.1369 0.6789 1.2775 
RED 615 0.1376 0.6778 1.2748 
RED 616 0.1379 0.6764 1.2718 
RED 617 0.1378 0.6754 1.2691 
RED 618 0.1378 0.6768 1.2718 
RED 619 0.138 0.6796 1.2773 
RED 620 0.1382 0.6824 1.283 
RED 621 0.1372 0.6813 1.2823 
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RED 622 0.135 0.6762 1.2744 
RED 623 0.1325 0.6681 1.2607 
RED 624 0.13 0.6594 1.2452 
RED 625 0.1279 0.6515 1.2305 
RED 626 0.1261 0.6447 1.2186 
RED 627 0.1247 0.6395 1.2093 
RED 628 0.1239 0.6361 1.2028 
RED 629 0.1237 0.6347 1.2008 
RED 630 0.1238 0.635 1.2018 
RED 631 0.1238 0.6363 1.2044 
RED 632 0.1242 0.6388 1.2088 
RED 633 0.125 0.6421 1.2145 
RED 634 0.1259 0.6455 1.2206 
RED 635 0.1266 0.6481 1.2256 
RED 636 0.127 0.6497 1.2287 
RED 637 0.1272 0.6507 1.2307 
RED 638 0.127 0.6506 1.2306 
RED 639 0.1265 0.6491 1.2279 
RED 640 0.1261 0.6472 1.2243 
RED 641 0.1258 0.6454 1.2211 
RED 642 0.1254 0.6448 1.22 
RED 643 0.1249 0.6435 1.2176 
RED 644 0.1244 0.6409 1.2127 
RED 645 0.1234 0.6366 1.2048 
RED 646 0.1222 0.6319 1.196 
RED 647 0.1208 0.6277 1.1885 
RED 648 0.1202 0.6253 1.1843 
RED 649 0.1201 0.6249 1.1835 
RED 650 0.1204 0.6261 1.1858 
RED 651 0.1204 0.6256 1.185 
RED 652 0.1198 0.622 1.1784 
RED 653 0.1183 0.6145 1.1639 
RED 654 0.1162 0.6041 1.1441 
RED 655 0.1138 0.5935 1.1243 
RED 656 0.113 0.5912 1.1203 
RED 657 0.1141 0.598 1.1336 
RED 658 0.1171 0.6132 1.1627 
RED 659 0.1194 0.6249 1.1849 
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RED 660 0.1205 0.6309 1.1959 
RED 661 0.1209 0.6332 1.2008 
RED 662 0.1208 0.6332 1.2013 
RED 663 0.1205 0.6323 1.1993 
RED 664 0.1202 0.6317 1.1983 
RED 665 0.1198 0.6311 1.1972 
RED 666 0.1194 0.63 1.1955 
RED 667 0.1193 0.6291 1.1938 
RED 668 0.1192 0.6281 1.1919 
RED 669 0.1188 0.6266 1.1891 
RED 670 0.1182 0.6245 1.1853 
RED 671 0.1175 0.6224 1.1813 
RED 672 0.1171 0.6215 1.1797 
RED 673 0.1172 0.6212 1.1794 
RED 674 0.1175 0.6212 1.1796 
RED 675 0.1175 0.6209 1.1789 
RED 676 0.1173 0.6202 1.1776 
RED 677 0.1171 0.6195 1.1763 
RED 678 0.117 0.6187 1.1747 
RED 679 0.1168 0.6175 1.1726 
RED 680 0.1164 0.6159 1.1699 
RED 681 0.116 0.6136 1.1655 
RED 682 0.1155 0.6093 1.157 
RED 683 0.1137 0.5995 1.1381 
RED 684 0.1108 0.5832 1.1068 
RED 685 0.1071 0.5599 1.0625 
RED 686 0.1024 0.5347 1.015 
RED 687 0.0985 0.5159 0.9799 
RED 688 0.0992 0.5195 0.9871 
RED 689 0.1018 0.5317 1.0099 
RED 690 0.105 0.5451 1.0345 
RED 691 0.1074 0.5541 1.0512 
RED 692 0.1091 0.5592 1.0606 
RED 693 0.1103 0.5618 1.0646 
RED 694 0.1117 0.5658 1.0719 
RED 695 0.1134 0.5712 1.082 
RED 696 0.1156 0.5769 1.0919 
RED 697 0.1166 0.578 1.0931 
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RED 698 0.1163 0.574 1.0852 
RED 699 0.1161 0.5693 1.0761 
RED 700 0.1165 0.5665 1.0704 
FR 701 0.1176 0.5676 1.0716 
FR 702 0.1194 0.5718 1.079 
FR 703 0.1214 0.5773 1.0886 
FR 704 0.1224 0.5812 1.0954 
FR 705 0.1234 0.5835 1.0993 
FR 706 0.1245 0.5846 1.101 
FR 707 0.1257 0.586 1.103 
FR 708 0.1268 0.5871 1.1043 
FR 709 0.1276 0.5878 1.1045 
FR 710 0.1283 0.5875 1.1037 
FR 711 0.1288 0.5863 1.1011 
FR 712 0.129 0.5839 1.0955 
FR 713 0.1282 0.5776 1.0829 
FR 714 0.1258 0.5645 1.0578 
FR 715 0.121 0.5392 1.0096 
FR 716 0.1144 0.5071 0.9487 
FR 717 0.1078 0.4757 0.8895 
FR 718 0.1055 0.4635 0.8669 
FR 719 0.1077 0.4709 0.8807 
FR 720 0.1138 0.4943 0.9239 
FR 721 0.1183 0.5101 0.9522 
FR 722 0.1196 0.5123 0.955 
FR 723 0.1169 0.4986 0.9289 
FR 724 0.1152 0.4897 0.912 
FR 725 0.1157 0.4909 0.9138 
FR 726 0.117 0.493 0.9171 
FR 727 0.1183 0.495 0.9201 
FR 728 0.1192 0.4968 0.9229 
FR 729 0.121 0.5025 0.9329 
FR 730 0.1241 0.5132 0.9518 
FR 731 0.1287 0.5291 0.9808 
FR 732 0.1331 0.5452 1.0099 
FR 733 0.1366 0.5577 1.0323 
FR 734 0.1382 0.5612 1.0379 
FR 735 0.139 0.5618 1.0382 
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FR 736 0.1397 0.5626 1.0393 
FR 737 0.1403 0.5633 1.0402 
FR 738 0.141 0.5643 1.0414 
FR 739 0.1416 0.5657 1.0435 
FR 740 0.1425 0.5679 1.0469 
FR 741 0.1437 0.571 1.0521 
FR 742 0.1455 0.5762 1.0608 
FR 743 0.1469 0.5797 1.0669 
FR 744 0.1474 0.5806 1.0686 
FR 745 0.1482 0.582 1.0708 
FR 746 0.1488 0.5826 1.0717 
FR 747 0.1488 0.5816 1.0693 
FR 748 0.1481 0.5788 1.064 
FR 749 0.1473 0.5758 1.0582 
FR 750 0.1476 0.5749 1.0563 
FR 751 0.1479 0.5751 1.0564 
FR 752 0.148 0.5757 1.0572 
FR 753 0.1485 0.5762 1.058 
FR 754 0.1488 0.5759 1.0575 
FR 755 0.148 0.5731 1.0524 
FR 756 0.1465 0.5672 1.0412 
FR 757 0.1367 0.5289 0.9704 
FR 758 0.1081 0.4178 0.7663 
FR 759 0.0776 0.3 0.5509 
FR 760 0.0563 0.219 0.4034 
FR 761 0.0617 0.2401 0.4425 
FR 762 0.0724 0.2815 0.5185 
FR 763 0.0784 0.3047 0.5613 
FR 764 0.0921 0.3562 0.6558 
FR 765 0.1092 0.4208 0.7738 
FR 766 0.1237 0.4765 0.8752 
FR 767 0.1337 0.5148 0.9448 
FR 768 0.1392 0.5356 0.9826 
FR 769 0.1423 0.546 1.0012 
FR 770 0.1437 0.5505 1.0091 
FR 771 0.1443 0.5523 1.0126 
FR 772 0.145 0.5535 1.0149 
FR 773 0.1454 0.5538 1.0154 
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FR 774 0.1451 0.553 1.0141 
FR 775 0.1452 0.5535 1.0147 
FR 776 0.1455 0.5542 1.0156 
FR 777 0.1451 0.5524 1.012 
FR 778 0.1447 0.5507 1.009 
FR 779 0.1445 0.5502 1.0081 
FR 780 0.1447 0.5507 1.0091 
FR 781 0.1447 0.5503 1.0084 
FR 782 0.1442 0.5477 1.0037 
FR 783 0.1441 0.5463 1.0009 
FR 784 0.144 0.5454 0.9991 
FR 785 0.1436 0.5434 0.9957 
FR 786 0.1425 0.5395 0.9885 
FR 787 0.1411 0.5339 0.9783 
FR 788 0.1402 0.5288 0.9691 
FR 789 0.1392 0.5245 0.9614 
FR 790 0.1377 0.5214 0.9556 
FR 791 0.1372 0.5186 0.9502 
FR 792 0.1372 0.5167 0.9466 
FR 793 0.1372 0.5165 0.9461 
FR 794 0.1367 0.5156 0.9448 
FR 795 0.1364 0.5148 0.9438 
FR 796 0.1377 0.5176 0.9488 
FR 797 0.1385 0.5194 0.9517 
FR 798 0.138 0.518 0.9489 
FR 799 0.1368 0.5135 0.9408 
FR 800 0.1357 0.5095 0.9335 
 
801 0.1356 0.5089 0.9322 
 
802 0.1355 0.5074 0.9296 
 
803 0.1352 0.506 0.9271 
 
804 0.1351 0.5078 0.9304 
 
805 0.1357 0.5104 0.9352 
 
806 0.1365 0.5117 0.9375 
 
807 0.1357 0.5071 0.9293 
 
808 0.1342 0.5007 0.9177 
 
809 0.133 0.4953 0.9076 
 
810 0.1314 0.4896 0.8969 
 




812 0.1224 0.4586 0.8407 
 
813 0.116 0.4351 0.7984 
 
814 0.1104 0.4138 0.7595 
 
815 0.1069 0.4 0.7341 
 
816 0.1056 0.3944 0.7239 
 
817 0.1063 0.3975 0.7295 
 
818 0.1092 0.408 0.7484 
 
819 0.113 0.4218 0.7734 
 
820 0.1164 0.4335 0.7951 
 
821 0.1123 0.4183 0.7674 
 
822 0.105 0.3919 0.7189 
 
823 0.1096 0.4087 0.7503 
 
824 0.1166 0.4331 0.7948 
 
825 0.1212 0.4481 0.8217 
 
826 0.1199 0.4428 0.8121 
 
827 0.1165 0.431 0.7907 
 
828 0.1152 0.4265 0.7823 
 
829 0.1153 0.4283 0.7854 
 
830 0.1163 0.433 0.7938 
 
831 0.1167 0.4337 0.7946 
 
832 0.1178 0.4358 0.7985 
 
833 0.1197 0.4411 0.8086 
 
834 0.1221 0.4499 0.8248 
 
835 0.1244 0.4582 0.8398 
 
836 0.1259 0.4631 0.8483 
 
837 0.1266 0.466 0.8539 
 
838 0.1269 0.468 0.8581 
 
839 0.1273 0.4705 0.8623 
 
840 0.128 0.4722 0.865 
 
841 0.1286 0.4728 0.8657 
 
842 0.1283 0.472 0.8638 
 
843 0.1283 0.4715 0.8631 
 
844 0.1289 0.4723 0.8654 
 
845 0.1296 0.4736 0.8684 
 
846 0.1296 0.4738 0.8686 
 
847 0.1285 0.4706 0.8623 
 
848 0.1266 0.4632 0.8483 
 




850 0.1247 0.4534 0.8304 
 
851 0.124 0.4515 0.8272 
 
852 0.1215 0.4453 0.8159 
 
853 0.1182 0.4312 0.7904 
 
854 0.117 0.4241 0.7776 
 
855 0.1206 0.4365 0.8002 
 
856 0.1242 0.4511 0.8271 
 
857 0.1265 0.4616 0.8465 
 
858 0.1268 0.4627 0.8477 
 
859 0.1269 0.4613 0.8449 
 
860 0.127 0.4601 0.8434 
 
861 0.1265 0.4597 0.8432 
 
862 0.1256 0.4585 0.8415 
 
863 0.1242 0.4552 0.8352 
 
864 0.1217 0.4457 0.8177 
 
865 0.1189 0.4339 0.7959 
 
866 0.1169 0.4262 0.7817 
 
867 0.1178 0.4285 0.7859 
 
868 0.1209 0.4387 0.8049 
 
869 0.1233 0.4459 0.8178 
 
870 0.1243 0.4493 0.8238 
 
871 0.1237 0.4488 0.8228 
 
872 0.1232 0.4478 0.8204 
 
873 0.1228 0.4463 0.8173 
 
874 0.1222 0.4434 0.8135 
 
875 0.1217 0.4418 0.8111 
 
876 0.1215 0.4417 0.8103 
 
877 0.1222 0.4415 0.8104 
 
878 0.1222 0.4408 0.8091 
 
879 0.1212 0.4393 0.8057 
 
880 0.1207 0.4369 0.8018 
 
881 0.1204 0.435 0.7993 
 
882 0.12 0.4349 0.7997 
 
883 0.1204 0.4354 0.8006 
 
884 0.121 0.4354 0.8003 
 
885 0.1206 0.4332 0.7956 
 
886 0.1196 0.4306 0.7908 
 




888 0.1178 0.428 0.7866 
 
889 0.1175 0.4272 0.7853 
 
890 0.1169 0.4243 0.7806 
 
891 0.1157 0.4192 0.7715 
 
892 0.1133 0.4111 0.7566 
 
893 0.1093 0.3988 0.7347 
 
894 0.1059 0.3839 0.7086 
 
895 0.1031 0.3675 0.6798 
 
896 0.0982 0.3502 0.6481 
 
897 0.0933 0.3345 0.6188 
 
898 0.0901 0.3224 0.596 
 
899 0.0884 0.3151 0.582 
 
900 0.088 0.313 0.5779 
 
901 0.0885 0.3161 0.5844 
 
902 0.0906 0.3239 0.5997 
 
903 0.0934 0.3341 0.619 
 
904 0.0951 0.3429 0.6342 
 
905 0.0959 0.3458 0.6393 
 
906 0.0953 0.3408 0.6311 
 
907 0.0913 0.3293 0.6101 
 
908 0.0871 0.317 0.5871 
 
909 0.0858 0.3091 0.5725 
 
910 0.0853 0.3054 0.5661 
 
911 0.0853 0.3046 0.5653 
 
912 0.0858 0.3045 0.5647 
 
913 0.0854 0.3033 0.5624 
 
914 0.0839 0.3006 0.5584 
 
915 0.0827 0.2979 0.5554 
 
916 0.0826 0.2982 0.5567 
 
917 0.084 0.3036 0.5646 
 
918 0.0867 0.3103 0.576 
 
919 0.0893 0.3169 0.5886 
 
920 0.0899 0.3228 0.5999 
 
921 0.0906 0.3271 0.608 
 
922 0.0913 0.329 0.6113 
 
923 0.0908 0.3273 0.6085 
 
924 0.0898 0.3232 0.6009 
 




926 0.086 0.3069 0.5713 
 
927 0.0813 0.2919 0.5459 
 
928 0.0743 0.2724 0.5107 
 
929 0.0686 0.2501 0.4693 
 
930 0.0641 0.2254 0.4232 
 
931 0.0573 0.1977 0.3723 
 
932 0.0494 0.1713 0.3239 
 
933 0.0416 0.1488 0.2831 
 
934 0.0366 0.1318 0.2539 
 
935 0.0342 0.1219 0.2374 
 
936 0.0337 0.1205 0.2343 
 
937 0.0351 0.1249 0.242 
 
938 0.0377 0.133 0.2573 
 
939 0.0403 0.1426 0.2756 
 
940 0.0439 0.1521 0.2935 
 
941 0.0476 0.1599 0.3075 
 
942 0.0473 0.1626 0.3122 
 
943 0.0459 0.1617 0.3105 
 
944 0.0452 0.1586 0.305 
 
945 0.0429 0.154 0.2968 
 
946 0.041 0.1503 0.29 
 
947 0.0432 0.1504 0.2899 
 
948 0.0435 0.1506 0.2917 
 
949 0.0415 0.1507 0.2943 
 
950 0.0406 0.1529 0.2987 
 
951 0.0418 0.1564 0.3049 
 
952 0.045 0.1606 0.3124 
 
953 0.0463 0.1632 0.3165 
 
954 0.0465 0.1651 0.3195 
 
955 0.0471 0.1675 0.3252 
 
956 0.0468 0.1689 0.329 
 
957 0.0461 0.1701 0.332 
 
958 0.0463 0.1744 0.3388 
 
959 0.0487 0.1802 0.3487 
 
960 0.0525 0.1864 0.3605 
 
961 0.0523 0.1905 0.3695 
 
962 0.0514 0.1952 0.3791 
 




964 0.0584 0.213 0.4093 
 
965 0.0629 0.2219 0.4266 
 
966 0.0615 0.2277 0.4396 
 
967 0.0622 0.2357 0.4555 
 
968 0.0664 0.2467 0.4752 
 
969 0.0693 0.2557 0.493 
 
970 0.072 0.2636 0.5088 
 
971 0.0752 0.2705 0.5226 
 
972 0.0759 0.2755 0.5311 
 
973 0.0755 0.2785 0.536 
 
974 0.0766 0.2796 0.5408 
 
975 0.0772 0.2791 0.5409 
 
976 0.0766 0.2776 0.5368 
 
977 0.0746 0.2759 0.533 
 
978 0.0739 0.2761 0.5331 
 
979 0.0758 0.2791 0.5388 
 
980 0.0774 0.2826 0.5455 
 
981 0.0792 0.287 0.5547 
 
982 0.0822 0.2931 0.5682 
 
983 0.0824 0.2983 0.5775 
 
984 0.0808 0.3018 0.583 
 
985 0.0819 0.3035 0.5913 
 
986 0.0837 0.3074 0.6007 
 
987 0.0857 0.3145 0.6101 
 
988 0.0879 0.319 0.6175 
 
989 0.0894 0.3224 0.623 
 
990 0.0892 0.326 0.6269 
 
991 0.0911 0.3275 0.6312 
 
992 0.0948 0.3282 0.6362 
 
993 0.098 0.332 0.6412 
 
994 0.0968 0.3323 0.6431 
 
995 0.092 0.3287 0.6424 
 
996 0.0936 0.3285 0.6454 
 
997 0.0964 0.3304 0.6483 
 
998 0.0962 0.3324 0.6476 
 
999 0.0926 0.3285 0.6445 
 
1000 0.0899 0.3242 0.6426 
 




1002 0.0965 0.3292 0.6484 
 
1003 0.093 0.3219 0.6441 
 
1004 0.0976 0.3253 0.6474 
 
1005 0.0959 0.3254 0.6445 
 
1006 0.0835 0.3167 0.6313 
 
1007 0.0857 0.3178 0.6336 
 
1008 0.0944 0.3221 0.6424 
 
1009 0.0959 0.3193 0.643 
 
1010 0.0876 0.3129 0.6347 
 
1011 0.0763 0.3075 0.6241 
 
1012 0.0831 0.3151 0.6319 
 
1013 0.0901 0.319 0.6401 
 
1014 0.09 0.3138 0.6415 
 
1015 0.0858 0.3115 0.6402 
 
1016 0.0838 0.3118 0.6397 
 
1017 0.0895 0.3136 0.6433 
 
1018 0.0929 0.314 0.6481 
 
1019 0.093 0.314 0.6517 
 
1020 0.0918 0.3177 0.6511 
 
1021 0.0915 0.3183 0.6512 
 
1022 0.092 0.3142 0.6524 
 
1023 0.088 0.3085 0.6493 
 
1024 0.0865 0.3064 0.6482 
 
1025 0.0916 0.3111 0.6533 
 
1026 0.0912 0.3124 0.6529 
 
1027 0.0886 0.3114 0.6507 
 
1028 0.0921 0.3125 0.6552 
 
1029 0.091 0.3098 0.6541 
 
1030 0.0854 0.3041 0.6485 
 
1031 0.087 0.3027 0.6544 
 
1032 0.0883 0.3019 0.659 
 
1033 0.0871 0.301 0.6572 
 
1034 0.097 0.3089 0.6671 
 
1035 0.1041 0.3157 0.6765 
 
1036 0.0892 0.3077 0.6683 
 
1037 0.0833 0.298 0.6643 
 
1038 0.0875 0.292 0.6667 
 




1040 0.0839 0.3021 0.6699 
 
1041 0.0969 0.3056 0.6798 
 
1042 0.0918 0.2986 0.674 
 
1043 0.0877 0.2959 0.6716 
 
1044 0.1024 0.31 0.6899 
 
1045 0.0956 0.3031 0.6881 
 
1046 0.0772 0.2835 0.6734 
 
1047 0.0869 0.2853 0.6787 
 
1048 0.0866 0.2827 0.679 
 
1049 0.0722 0.2742 0.6729 
 
1050 0.0825 0.2885 0.6911 
 
1051 0.0951 0.3027 0.7098 
 
1052 0.0921 0.2986 0.7093 
 
1053 0.0786 0.2865 0.6921 
 
1054 0.065 0.2753 0.6734 
 
1055 0.0664 0.2763 0.676 
 
1056 0.0716 0.2779 0.6882 
 
1057 0.078 0.2783 0.7049 
 
1058 0.0876 0.284 0.7196 
 
1059 0.0956 0.2882 0.7287 
 
1060 0.099 0.287 0.7308 
 
1061 0.0985 0.2825 0.7315 
 
1062 0.094 0.276 0.7301 
 
1063 0.0855 0.2693 0.7248 
 
1064 0.0745 0.27 0.7165 
 
1065 0.0658 0.2751 0.713 
 
1066 0.0703 0.2699 0.737 
 
1067 0.0818 0.2666 0.7557 
 
1068 0.0923 0.2685 0.7558 
 
1069 0.0744 0.2658 0.7513 
 
1070 0.0537 0.2567 0.7434 
 
1071 0.0573 0.2426 0.7347 
 
1072 0.0677 0.2511 0.7504 
 
1073 0.0829 0.274 0.7838 
 
1074 0.107 0.2827 0.8113 
 
1075 0.1144 0.2815 0.822 




Season Date Time Forage Shade Moisture (g kg
-1
) Temp ˚C 
1 June 20 2013 10:30 SWIT 1 80.62 29.40 
1 June 20 2013 10:30 SWIT 1 68.24 28.80 
1 June 20 2013 10:30 INDY 0 85.79 31.70 
1 June 20 2013 10:30 INDY 1 60.92 28.70 
1 June 20 2013 10:30 BARE   1 71.22 29.50 
1 June 20 2013 10:30 GAMA 0 71.61 30.60 
1 June 20 2013 10:30 GAMA 1 61.48 29.60 
1 June 20 2013 10:30 BLUS 0 52.10 29.60 
1 June 20 2013 10:30 BLUS 0 73.95 32.50 
1 June 20 2013 10:30 TIF9 0 92.63 32.10 
1 June 20 2013 10:30 TIF9 1 96.95 31.10 
1 June 20 2013 10:30 TIF9 1 109.92 28.90 
1 June 20 2013 10:45 SWIT 1 144.35 31.60 
1 June 20 2013 10:45 SWIT 1 71.43 34.10 
1 June 20 2013 10:45 SWIT 0 74.15 33.20 
1 June 20 2013 10:45 INDY 0 63.07 34.30 
1 June 20 2013 10:45 BARE   0 67.08 33.30 
1 June 20 2013 10:45 GAMA 0 
 
32.20 
1 June 20 2013 10:45 GAMA 1 109.80 29.80 
1 June 20 2013 10:45 GAMA 1 103.74 29.50 
1 June 20 2013 10:45 PASP 1 106.88 31.10 
1 June 20 2013 10:45 TIF9 1 
 
29.90 
1 June 20 2013 11:00 SWIT 0 150.12 34.40 
1 June 20 2013 11:00 SWIT 0 79.66 33.60 
1 June 20 2013 11:00 INDY 0 56.11 33.60 
1 June 20 2013 11:00 INDY 1 61.48 30.70 
1 June 20 2013 11:00 BARE   1 113.00 30.90 
1 June 20 2013 11:00 BARE   0 48.89 32.90 
1 June 20 2013 11:00 BARE   0 
 
32.80 
1 June 20 2013 11:00 BARE   1 122.69 30.50 
1 June 20 2013 11:00 GAMA 0 127.18 29.30 
1 June 20 2013 11:00 PASP 0 105.98 32.00 
       
       
              
       
Table 36.  Shows soil moisture (g kg
-1
) and temperature ˚C for the upper 15 cm of the soils 




1 June 20 2013 11:00 PASP 0 135.80 32.40 
1 June 20 2013 11:00 PASP 1 74.54 30.20 
1 June 20 2013 11:00 PASP 0 72.99 31.50 
1 June 20 2013 11:00 BLUS 1 57.39 31.00 
1 June 20 2013 11:00 BLUS 0 71.10 33.30 
1 June 20 2013 11:00 TI85 0 
 
30.10 
1 June 20 2013 11:00 TIF9 0 120.85 31.80 
1 June 20 2013 11:00 TIF9 0 113.39 30.80 
1 June 20 2013 11:00 TIF9 1 115.43 30.90 
1 June 20 2013 11:15 SWIT 1 75.39 32.40 
1 June 20 2013 11:15 SWIT 1 102.73 31.90 
1 June 20 2013 11:15 SWIT 0 58.54 33.00 
1 June 20 2013 11:15 INDY 1 105.06 31.40 
1 June 20 2013 11:15 INDY 1 113.40 30.40 
1 June 20 2013 11:15 INDY 1 118.28 31.40 
1 June 20 2013 11:15 INDY 0 63.98 33.00 
1 June 20 2013 11:15 BARE   1 79.50 30.70 
1 June 20 2013 11:15 BARE   0 81.62 34.10 
1 June 20 2013 11:15 BARE   0 130.98 33.10 
1 June 20 2013 11:15 BARE   0 53.94 33.70 
1 June 20 2013 11:15 GAMA 0 76.97 33.60 
1 June 20 2013 11:15 GAMA 0 70.58 33.60 
1 June 20 2013 11:15 GAMA 0 57.42 32.00 
1 June 20 2013 11:15 GAMA 1 82.27 29.30 
1 June 20 2013 11:15 GAMA 1 
 
30.20 
1 June 20 2013 11:15 GAMA 1 70.58 29.80 
1 June 20 2013 11:15 PASP 0 69.72 31.40 
1 June 20 2013 11:15 PASP 1 114.80 32.00 
1 June 20 2013 11:15 PASP 1 90.17 30.60 
1 June 20 2013 11:15 PASP 1 84.27 30.10 
1 June 20 2013 11:15 BLUS 0 65.55 34.20 
1 June 20 2013 11:15 BLUS 1 64.48 30.30 
1 June 20 2013 11:15 TIF9 0 73.48 34.10 
1 June 20 2013 11:15 TIF9 0 66.23 33.40 
1 June 20 2013 11:15 TIF9 0 113.89 31.90 
1 June 20 2013 11:15 TIF9 1 83.82 30.90 
1 June 20 2013 11:15 TIF9 1 98.41 31.20 
1 June 20 2013 11:30 SWIT 0 94.97 33.50 
313 
 
1 June 20 2013 11:30 INDY 0 102.98 33.20 
1 June 20 2013 11:30 INDY 1 99.24 31.70 
1 June 20 2013 11:30 INDY 0 63.27 33.70 
1 June 20 2013 11:30 BARE   1 81.94 32.50 
1 June 20 2013 11:30 BARE   1 124.13 31.60 
1 June 20 2013 11:30 PASP 0 90.76 33.60 
1 June 20 2013 11:30 PASP 0 
 
33.90 
1 June 20 2013 11:30 PASP 1 125.30 31.30 
1 June 20 2013 11:30 BLUS 1 79.22 32.40 
1 June 20 2013 11:30 BLUS 1 113.49 31.30 
1 June 20 2013 11:30 BLUS 1 70.83 31.50 
1 June 20 2013 11:30 BLUS 1 103.03 31.10 
1 June 20 2013 11:30 BLUS 0 77.40 34.30 
1 June 20 2013 11:30 BLUS 0 42.79 33.30 
1 July 16 2013 10:00 SWIT 0 
 
28.60 
1 July 16 2013 10:00 SWIT 1 
 
27.60 
1 July 16 2013 10:00 SWIT 1 
 
27.50 
1 July 16 2013 10:00 SWIT 1 
 
28.30 
1 July 16 2013 10:00 SWIT 1 
 
27.80 
1 July 16 2013 10:00 SWIT 0 
 
27.80 
1 July 16 2013 10:00 SWIT 0 
 
28.30 
1 July 16 2013 10:00 SWIT 0 
 
29.20 
1 July 16 2013 10:00 SWIT 1 
 
29.20 
1 July 16 2013 10:00 INDY 0 
 
27.90 
1 July 16 2013 10:00 INDY 1 
 
28.00 
1 July 16 2013 10:00 INDY 0 
 
29.00 
1 July 16 2013 10:00 INDY 0 
 
28.60 
1 July 16 2013 10:00 INDY 1 
 
28.50 
1 July 16 2013 10:00 INDY 1 
 
28.00 
1 July 16 2013 10:00 BARE   1 
 
27.50 
1 July 16 2013 10:00 BARE   0 
 
29.30 
1 July 16 2013 10:00 BARE   1 
 
27.70 
1 July 16 2013 10:00 BARE   0 
 
28.90 
1 July 16 2013 10:00 BARE   0 
 
28.80 
1 July 16 2013 10:00 BARE   1 
 
28.60 
1 July 16 2013 10:00 BARE   1 
 
28.00 
1 July 16 2013 10:00 GAMA 0 
 
26.90 





1 July 16 2013 10:00 GAMA 0 
 
28.20 
1 July 16 2013 10:00 GAMA 1 
 
27.30 
1 July 16 2013 10:00 GAMA 1 
 
26.90 
1 July 16 2013 10:00 GAMA 0 
 
27.30 
1 July 16 2013 10:00 GAMA 0 
 
28.30 
1 July 16 2013 10:00 PASP 1 
 
27.70 
1 July 16 2013 10:00 PASP 0 
 
27.80 
1 July 16 2013 10:00 PASP 0 
 
28.10 
1 July 16 2013 10:00 PASP 1 
 
27.80 
1 July 16 2013 10:00 PASP 0 
 
27.80 
1 July 16 2013 10:00 PASP 0 
 
28.80 
1 July 16 2013 10:00 BLUS 0 
 
29.00 
1 July 16 2013 10:00 BLUS 0 
 
28.50 
1 July 16 2013 10:00 BLUS 1 
 
28.20 
1 July 16 2013 10:00 BLUS 0 
 
29.50 
1 July 16 2013 10:00 BLUS 0 
 
29.40 
1 July 16 2013 10:00 TIF9 0 
 
28.40 
1 July 16 2013 10:00 TIF9 1 
 
27.40 
1 July 16 2013 10:00 TIF9 1 
 
27.70 
1 July 16 2013 10:00 TIF9 1 
 
27.40 
1 July 16 2013 10:00 TIF9 0 
 
28.20 
1 July 16 2013 10:00 TIF9 0 
 
28.50 
1 July 16 2013 10:00 TIF9 1 
 
27.90 
1 July 16 2013 10:00 TIF9 0 
 
29.50 
1 July 16 2013 10:00 TIF9 0 
 
29.80 
1 July 16 2013 10:15 SWIT 1 
 
28.80 
1 July 16 2013 10:15 INDY 1 
 
28.00 
1 July 16 2013 10:15 INDY 1 
 
28.80 
1 July 16 2013 10:15 GAMA 0 
 
28.30 
1 July 16 2013 10:15 GAMA 0 
 
28.20 
1 July 16 2013 10:15 PASP 1 
 
27.90 
1 July 16 2013 10:15 PASP 1 
 
28.10 
1 July 16 2013 10:15 BLUS 1 
 
27.90 
1 July 16 2013 10:15 TIF9 0 
 
29.00 
1 July 16 2013 10:30 SWIT 0 
 
28.40 
1 July 16 2013 10:30 INDY 0 
 
28.50 
1 July 16 2013 10:30 BARE   0 
 
30.30 





1 July 16 2013 10:30 GAMA 1 
 
27.70 
1 July 16 2013 10:30 GAMA 1 
 
27.40 
1 July 16 2013 10:30 GAMA 1 
 
27.50 
1 July 16 2013 10:30 PASP 1 
 
28.80 
1 July 16 2013 10:30 TIF9 1 
 
28.10 
1 July 16 2013 10:30 TIF9 1 
 
28.30 
1 July 16 2013 10:45 SWIT 0 
 
29.40 
1 July 16 2013 10:45 INDY 0 
 
29.40 
1 July 16 2013 10:45 BARE   0 
 
30.30 
1 July 16 2013 10:45 BARE   1 
 
28.80 
1 July 16 2013 10:45 BARE   1 
 
28.10 
1 July 16 2013 10:45 BLUS 1 
 
29.40 
1 July 16 2013 11:00 PASP 0 
 
28.50 
1 July 16 2013 11:00 BLUS 1 
 
29.00 
1 July 16 2013 11:00 BLUS 1 
 
28.90 
1 July 16 2013 11:00 BLUS 1 
 
28.30 
1 July 16 2013 11:15 INDY 1 
 
29.10 
1 July 16 2013 11:15 INDY 0 
 
29.10 
1 July 16 2013 11:15 PASP 0 
 
28.60 
1 July 16 2013 11:15 BLUS 0 
 
28.90 
1 July 16 2013 11:30 PASP 1 
 
28.10 
1 July 16 2013 11:30 BLUS 0 
 
29.60 
1 June 20 2013 10:30 SWIT 0 53.42 31.20 
2 July 28 2014 8:15 SWIT 0 13.31 29.70 
2 July 28 2014 8:15 SWIT 1 32.98 29.60 
2 July 28 2014 8:15 SWIT 1 8.79 29.80 
2 July 28 2014 8:15 SWIT 1 68.42 28.40 
2 July 28 2014 8:15 SWIT 1 43.34 29.00 
2 July 28 2014 8:15 SWIT 0 9.26 30.20 
2 July 28 2014 8:15 SWIT 0 90.41 28.30 
2 July 28 2014 8:15 INDY 0 11.17 29.10 
2 July 28 2014 8:15 INDY 1 49.00 28.10 
2 July 28 2014 8:15 INDY 0 5.38 30.60 
2 July 28 2014 8:15 BARE   1 30.12 29.90 
2 July 28 2014 8:15 BARE   0 19.73 31.00 
2 July 28 2014 8:15 BARE   1 24.38 30.20 
2 July 28 2014 8:15 GAMA 0 22.60 29.10 
2 July 28 2014 8:15 GAMA 1 24.43 28.00 
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2 July 28 2014 8:15 GAMA 0 62.01 28.00 
2 July 28 2014 8:15 GAMA 1 50.66 27.90 
2 July 28 2014 8:15 GAMA 1 69.42 27.80 
2 July 28 2014 8:15 GAMA 0 92.07 27.50 
2 July 28 2014 8:15 PASP 1 50.11 28.60 
2 July 28 2014 8:15 PASP 0 86.58 27.90 
2 July 28 2014 8:15 PASP 0 116.95 28.10 
2 July 28 2014 8:15 BLUS 0 7.33 30.70 
2 July 28 2014 8:15 BLUS 0 13.37 30.30 
2 July 28 2014 8:15 TI85 0 27.13 28.80 
2 July 28 2014 8:15 TI85 0 24.62 29.50 
2 July 28 2014 8:15 TI85 1 33.66 28.80 
2 July 28 2014 8:15 TI85 1 102.54 28.10 
2 July 28 2014 8:15 TIF9 0 28.70 28.60 
2 July 28 2014 8:15 TIF9 1 42.46 28.90 
2 July 28 2014 8:15 TIF9 1 55.19 28.80 
2 July 28 2014 8:15 TIF9 1 54.72 28.60 
2 July 28 2014 8:15 TIF9 0 71.71 28.30 
2 July 28 2014 9:00 SWIT 0 30.98 29.00 
2 July 28 2014 9:00 SWIT 1 13.60 30.50 
2 July 28 2014 9:00 SWIT 1 56.97 29.70 
2 July 28 2014 9:00 INDY 0 6.40 30.80 
2 July 28 2014 9:00 INDY 1 16.23 30.90 
2 July 28 2014 9:00 INDY 1 31.86 29.60 
2 July 28 2014 9:00 BARE   0 8.30 32.00 
2 July 28 2014 9:00 BARE   0 23.36 32.10 
2 July 28 2014 9:00 BARE   1 47.65 30.25 
2 July 28 2014 9:00 BARE   1 9.80 30.10 
2 July 28 2014 9:00 GAMA 0 14.92 28.80 
2 July 28 2014 9:00 PASP 1 87.93 28.60 
2 July 28 2014 9:00 PASP 0 69.44 28.80 
2 July 28 2014 9:00 PASP 0 17.60 30.20 
2 July 28 2014 9:00 PASP 1 72.51 30.00 
2 July 28 2014 9:00 BLUS 1 21.75 30.20 
2 July 28 2014 9:00 BLUS 0 25.38 30.40 
2 July 28 2014 9:00 BLUS 0 9.45 30.80 
2 July 28 2014 9:00 BLUS 1 21.99 30.60 
2 July 28 2014 9:00 TI85 0 22.16 31.90 
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2 July 28 2014 9:00 TIF9 0 50.04 28.50 
2 July 28 2014 9:00 TIF9 1 65.54 28.70 
2 July 28 2014 9:00 TIF9 0 6.36 30.00 
2 July 28 2014 9:00 TIF9 0 8.10 30.00 
2 July 28 2014 9:00 TIF9 0 61.06 29.10 
2 July 28 2014 10:00 SWIT 0 27.55 30.30 
2 July 28 2014 10:00 INDY 1 66.23 28.80 
2 July 28 2014 10:00 INDY 1 43.44 29.40 
2 July 28 2014 10:00 INDY 0 12.71 29.60 
2 July 28 2014 10:00 BARE   0 17.90 31.20 
2 July 28 2014 10:00 GAMA 0 9.33 29.60 
2 July 28 2014 10:00 GAMA 0 8.44 29.80 
2 July 28 2014 10:00 GAMA 1 21.05 28.20 
2 July 28 2014 10:00 GAMA 1 52.29 27.80 
2 July 28 2014 10:00 PASP 1 45.76 29.20 
2 July 28 2014 10:00 TI85 0 9.55 30.00 
2 July 28 2014 10:00 TI85 0 
 
29.60 
2 July 28 2014 10:00 TIF9 1 66.83 28.60 
2 July 28 2014 10:30 SWIT 0 
 
29.30 
2 July 28 2014 10:30 INDY 0 
 
28.50 
2 July 28 2014 10:30 BARE   0 
 
31.90 
2 July 28 2014 10:30 BARE   0 
 
33.10 
2 July 28 2014 10:30 BARE   1 
 
31.20 
2 July 28 2014 10:30 BARE   1 
 
31.20 
2 July 28 2014 10:30 GAMA 1 
 
28.10 
2 July 28 2014 10:30 PASP 1 
 
29.90 
2 July 28 2014 10:30 PASP 0 
 
30.20 
2 July 28 2014 10:30 BLUS 1 
 
29.30 
2 July 28 2014 10:30 BLUS 1 
 
29.90 
2 July 28 2014 10:30 BLUS 1 
 
29.60 
2 July 28 2014 10:30 BLUS 1 
 
28.30 
2 July 28 2014 10:30 TI85 1 
 
29.60 
2 July 28 2014 10:30 TI85 1 
 
32.00 
2 July 28 2014 10:30 TIF9 1 
 
29.20 
2 July 28 2014 11:00 INDY 1 
 
29.20 
2 July 28 2014 11:00 INDY 0 
 
30.50 
2 July 28 2014 11:00 PASP 0 
 
29.80 





2 July 28 2014 11:00 BLUS 0 
 
29.80 
2 July 28 2014 11:00 BLUS 0 
 
31.70 
2 July 28 2014 11:00 TI85 1 
 
29.40 
2 July 28 2014 11:00 TI85 0 
 
30.70 
2 July 28 2014 11:00 TI85 1 
 
31.50 
1 August 1 2013 12:50 SWIT 0 
 
49.17 
1 August 1 2013 12:50 SWIT 1 
 
38.44 
1 August 1 2013 12:50 SWIT 1 5.12 41.67 
1 August 1 2013 12:50 SWIT 1 6.41 41.78 
1 August 1 2013 12:50 INDY 0 
 
44.17 
1 August 1 2013 12:50 INDY 1 
 
42.50 
1 August 1 2013 12:50 BARE   1 
 
41.94 
1 August 1 2013 12:50 GAMA 0 
 
40.28 
1 August 1 2013 12:50 GAMA 1 
 
38.56 
1 August 1 2013 12:50 GAMA 0 30.37 43.28 
1 August 1 2013 12:50 GAMA 1 16.15 39.39 
1 August 1 2013 12:50 BLUS 0 
 
51.39 
1 August 1 2013 12:50 BLUS 0 5.22 49.39 
1 August 1 2013 12:50 TI85 0 20.28 39.78 
1 August 1 2013 12:50 TI85 0 37.75 
 1 August 1 2013 12:50 TIF9 0 
 
43.67 
1 August 1 2013 12:50 TIF9 1 
 
42.50 
1 August 1 2013 12:50 TIF9 1 24.92 41.83 
1 August 1 2013 12:50 TIF9 1 21.10 40.39 
1 August 1 2013 13:00 SWIT 1 7.46 43.67 
1 August 1 2013 13:00 SWIT 0 6.51 48.06 
1 August 1 2013 13:00 SWIT 0 6.38 50.00 
1 August 1 2013 13:00 INDY 0 8.16 51.17 
1 August 1 2013 13:00 BARE   0 5.64 43.56 
1 August 1 2013 13:00 BARE   1 11.52 45.89 
1 August 1 2013 13:00 GAMA 1 6.19 36.78 
1 August 1 2013 13:00 PASP 1 10.64 43.00 
1 August 1 2013 13:00 PASP 0 4.20 36.78 
1 August 1 2013 13:00 PASP 0 4.16 39.39 
1 August 1 2013 13:00 TI85 1 7.95 38.67 
1 August 1 2013 13:00 TI85 1 8.27 46.50 
1 August 1 2013 13:15 SWIT 0 7.01 48.50 
1 August 1 2013 13:15 INDY 0 4.89 48.17 
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1 August 1 2013 13:15 INDY 1 5.14 46.39 
1 August 1 2013 13:15 BARE   0 4.90 49.00 
1 August 1 2013 13:15 BARE   0 4.52 46.94 
1 August 1 2013 13:15 GAMA 0 4.71 43.56 
1 August 1 2013 13:15 PASP 1 6.35 37.78 
1 August 1 2013 13:15 PASP 0 8.06 49.50 
1 August 1 2013 13:15 BLUS 1 4.46 40.78 
1 August 1 2013 13:15 BLUS 0 6.79 48.89 
1 August 1 2013 13:15 TI85 0 8.10 46.39 
1 August 1 2013 13:15 TIF9 0 5.84 42.06 
1 August 1 2013 13:15 TIF9 0 7.81 46.11 
1 August 1 2013 13:15 TIF9 1 7.73 45.17 
1 August 1 2013 13:30 SWIT 1 54.92 44.78 
1 August 1 2013 13:30 SWIT 1 4.88 46.39 
1 August 1 2013 13:30 INDY 1 4.10 46.39 
1 August 1 2013 13:30 BARE   1 5.83 39.67 
1 August 1 2013 13:30 BARE   1 4.37 42.06 
1 August 1 2013 13:30 GAMA 0 5.43 42.78 
1 August 1 2013 13:30 PASP 0 3.78 48.67 
1 August 1 2013 13:30 BLUS 0 4.66 56.17 
1 August 1 2013 13:30 TIF9 0 3.13 46.39 
1 August 1 2013 13:30 TIF9 0 5.54 47.39 
1 August 1 2013 13:45 GAMA 0 5.04 52.06 
1 August 1 2013 13:45 GAMA 0 4.41 48.06 
1 August 1 2013 13:45 PASP 1 5.75 43.17 
1 August 1 2013 13:45 PASP 1 4.44 45.39 
1 August 1 2013 13:45 BLUS 1 3.71 44.56 
1 August 1 2013 13:45 TI85 0 7.22 43.89 
1 August 1 2013 13:45 TIF9 0 7.55 45.17 
1 August 1 2013 14:00 SWIT 0 4.06 51.39 
1 August 1 2013 14:00 INDY 1 5.29 47.50 
1 August 1 2013 14:00 INDY 1 6.25 46.56 
1 August 1 2013 14:00 INDY 0 3.21 50.00 
1 August 1 2013 14:00 BARE   0 3.43 42.89 
1 August 1 2013 14:00 BARE   0 7.47 42.06 
1 August 1 2013 14:00 BARE   0 6.61 48.89 
1 August 1 2013 14:00 GAMA 1 5.90 40.28 
























1 August 1 2013 14:00 GAMA 1 7.27 39.28 
1 August 1 2013 14:00 PASP 1 10.60 40.67 
1 August 1 2013 14:00 TIF9 1 5.70 41.50 
1 August 1 2013 14:00 TIF9 1 4.97 45.56 
1 August 1 2013 14:15 SWIT 0 8.51 47.56 
1 August 1 2013 14:15 INDY 0 7.96 45.28 
1 August 1 2013 14:15 INDY 1 7.72 47.94 
1 August 1 2013 14:15 INDY 0 6.61 51.67 
1 August 1 2013 14:15 PASP 0 6.60 45.39 
1 August 1 2013 14:15 PASP 0 8.73 53.56 
1 August 1 2013 14:15 PASP 1 7.41 40.67 
1 August 1 2013 14:15 BLUS 1 6.62 43.39 
1 August 1 2013 14:15 BLUS 1 6.49 46.00 
1 August 1 2013 14:15 BLUS 1 8.64 39.39 
1 August 1 2013 14:15 BLUS 1 8.53 40.67 
1 August 1 2013 14:15 BLUS 0 9.93 45.22 
1 August 1 2013 14:15 BLUS 0 7.28 49.39 
1 August 1 2013 14:15 TI85 1 5.47 43.06 







COVER SHADE C N C/N 
BARE 0 1.1442 0.1712 6.7 
BARE 0 0.8205 0.1395 5.9 
BARE 0 1.1303 0.1636 6.9 
BARE 0 1.2446 0.1868 6.7 
BARE 0 1.1237 0.1804 6.2 
BARE 0 0.8682 0.1546 5.6 
BARE 1 0.8738 0.1469 5.9 
BARE 1 1.4097 0.1876 7.5 
BARE 1 1.0269 0.1577 6.5 
BARE 1 1.0062 0.1603 6.3 
BARE 1 1.0824 0.1732 6.2 
BARE 1 1.3577 0.1912 7.1 
BLUS 0 0.8221 0.1414 5.8 
BLUS 0 1.1708 0.1722 6.8 
BLUS 0 1.0071 0.1542 6.5 
BLUS 0 1.1317 0.1581 7.2 
BLUS 0 1.1037 0.1753 6.3 
BLUS 0 1.2347 0.1942 6.4 
BLUS 1 0.9957 0.1546 6.4 
BLUS 1 1.0103 0.1527 6.6 
BLUS 1 1.2352 0.1872 6.6 
BLUS 1 1.0267 0.1636 6.3 
BLUS 1 1.2117 0.1750 6.9 
BLUS 1 1.2170 0.1803 6.7 
GAMA 0 1.1731 0.1790 6.6 
GAMA 0 1.2132 0.1630 7.4 
GAMA 0 1.2857 0.1595 8.1 
GAMA 0 1.2028 0.1763 6.8 
GAMA 0 1.0672 0.1472 7.3 
GAMA 0 1.0878 0.1546 7.0 
GAMA 1 0.8935 0.1463 6.1 
GAMA 1 1.0014 0.1548 6.5 
GAMA 1 1.3706 0.1813 7.6 
Table 37.  Shows soil C and N in the upper 15 cm of the soils in this study, for all 
of the forages and both of the shade statuses at the completion of the 3 year study. 
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GAMA 1 1.3550 0.1936 7.0 
GAMA 1 1.1140 0.1793 6.2 
GAMA 1 1.0140 0.1565 6.5 
INDY 0 1.0194 0.1709 6.0 
INDY 0 0.9791 0.1520 6.4 
INDY 0 0.9322 0.1497 6.2 
INDY 0 0.9991 0.1628 6.1 
INDY 0 1.2492 0.1879 6.6 
INDY 0 1.0172 0.1666 6.1 
INDY 1 0.8779 0.1436 6.1 
INDY 1 0.9948 0.1608 6.2 
INDY 1 1.4997 0.1972 7.6 
INDY 1 1.3082 0.1850 7.1 
INDY 1 1.3115 0.1815 7.2 
INDY 1 1.1702 0.1716 6.8 
PASP 0 1.1224 0.1601 7.0 
PASP 0 1.3304 0.1823 7.3 
PASP 0 0.9137 0.1450 6.3 
PASP 0 0.9647 0.1450 6.7 
PASP 0 1.0784 0.1681 6.4 
PASP 0 1.0803 0.1680 6.4 
PASP 1 1.2518 0.1876 6.7 
PASP 1 1.0597 0.1639 6.5 
PASP 1 1.2261 0.1586 7.7 
PASP 1 1.0250 0.1649 6.2 
PASP 1 1.1682 0.1729 6.8 
PASP 1 1.3457 0.1904 7.1 
SWIT 0 1.2833 0.1716 7.5 
SWIT 0 1.0416 0.1532 6.8 
SWIT 0 1.5347 0.2024 7.6 
SWIT 0 1.1261 0.1753 6.4 
SWIT 0 1.0515 0.1672 6.3 
SWIT 0 1.1469 0.1766 6.5 
SWIT 1 0.8207 0.1430 5.7 
SWIT 1 1.0081 0.1571 6.4 
SWIT 1 1.3637 0.1917 7.1 
SWIT 1 0.7508 0.1351 5.6 
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SWIT 1 0.9709 0.1502 6.5 
SWIT 1 1.2366 0.1774 7.0 
TI85 0 1.1067 0.1628 6.8 
TI85 0 1.2150 0.1888 6.4 
TI85 0 1.0584 0.1591 6.7 
TI85 0 1.2602 0.1604 7.9 
TI85 0 1.0816 0.1778 6.1 
TI85 0 1.0700 0.1661 6.4 
TI85 1 1.1315 0.1633 6.9 
TI85 1 1.8300 0.2229 8.2 
TI85 1 1.2698 0.1800 7.1 
TI85 1 1.1014 0.1741 6.3 
TI85 1 1.1126 0.1686 6.6 
TI85 1 1.3288 0.1920 6.9 
TIF9 0 1.3575 0.1867 7.3 
TIF9 0 1.1088 0.1541 7.2 
TIF9 0 1.3772 0.1947 7.1 
TIF9 0 1.0368 0.1538 6.7 
TIF9 0 1.2203 0.1716 7.1 
TIF9 0 1.3421 0.1696 7.9 
TIF9 1 1.0163 0.1624 6.3 
TIF9 1 1.2668 0.1750 7.2 
TIF9 1 0.9547 0.1568 6.1 
TIF9 1 1.3293 0.1781 7.5 
TIF9 1 1.2252 0.1752 7.0 























Forage Shade lnCP NDF ADF IVTD 
BLUS 1 2.62 67.98 39.14 69.19 
BLUS 1 2.63 67.2 37.47 69.74 
BLUS 1 2.49 73.4 41.38 63.04 
BLUS 1 2.52 69.43 39.14 63.87 
BLUS 1 2.66 70.06 34.8 71.91 
BLUS 1 2.64 69.18 32.64 73.29 
BLUS 1 2.60 72.4 33.12 70.78 
BLUS 1 2.69 71.67 35.39 70.36 
BLUS 0 2.70 69.71 32.6 71.85 
BLUS 1 2.48 72.02 35.69 67.59 
BLUS 1 2.47 72.64 35.44 67.4 
BLUS 0 2.40 71.86 31.65 67.17 
BLUS 1 2.46 74.16 37.13 64.62 
BLUS 1 2.54 69.45 33.81 68.62 
BLUS 1 2.48 70.46 34.96 68.11 
BLUS 1 2.40 72.9 34.27 66.46 
BLUS 0 2.56 70.12 32.95 68.16 
BLUS 0 2.39 71.81 30.47 65.48 
BLUS 0 2.74 62.99 31.62 73.18 
BLUS 1 2.68 64.83 33.8 71.06 
BLUS 1 2.79 61.95 31.87 74.33 
BLUS 1 2.76 62.87 31.92 74.23 
BLUS 1 2.81 63.25 31.5 74.69 
BLUS 1 2.75 62.45 32.73 74.11 
BLUS 0 2.78 62.35 32.17 72.74 
BLUS 0 2.49 67.8 33.59 68.09 
BLUS 0 2.58 72.19 35.44 67.05 
BLUS 0 2.54 69.76 34.63 68.79 
BLUS 1 2.72 65.86 34.27 72.32 
BLUS 1 2.68 66.05 33.25 72.87 
Table 38.  Shows forage types, shade status, and values utilized in the creation of 
the IVTD equations in this study. 
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BLUS 0 2.68 68.28 32.82 70.99 
BLUS 0 2.56 65.31 31.39 72.33 
BLUS 0 2.63 64.49 30.9 73.04 
BLUS 1 2.58 65.04 33.73 71.49 
BLUS 1 2.55 65.8 33.6 72.05 
BLUS 1 2.77 65.23 32.24 73.06 
BLUS 0 2.67 68.77 36.25 67.51 
BLUS 1 2.54 67.17 35.99 65.03 
BLUS 1 2.61 68.83 36.13 69.08 
BLUS 0 2.42 71.92 36.43 65.38 
BLUS 0 2.40 71 36.52 63.84 
BLUS 1 2.47 69.7 36.43 67.75 
BLUS 0 2.39 70.83 35.14 65.56 
BLUS 1 2.45 69.26 36.46 68.78 
BLUS 1 2.67 71.39 37.3 69.08 
BLUS 0 2.52 72.59 36.99 64.77 
BLUS 0 2.64 71.19 36.59 65.86 
BLUS 1 2.73 70.4 38.53 70.25 
BLUS 0 2.72 70.47 37.21 67.71 
BLUS 0 2.58 71.49 37.6 64.52 
BLUS 0 2.43 67.39 35.39 65.21 
BLUS 1 2.50 68.77 37.2 63.41 
BLUS 1 2.57 69.6 37.43 65.84 
BLUS 0 2.52 71.32 38.86 64.35 
BLUS 1 2.56 70.05 37.24 68.64 
BLUS 1 2.63 69.03 35.67 71.22 
BLUS 1 2.53 69.7 36.67 69.57 
BLUS 0 2.59 70.96 36.59 68.05 
BLUS 0 2.65 71.98 37.81 67.93 
BLUS 0 2.56 72.21 39.12 62.74 
BLUS 0 2.37 72.18 37.72 58.87 
BLUS 1 2.57 70.4 37.84 65.74 
BLUS 1 2.50 72.03 36.79 61.95 
BLUS 1 2.55 71.3 36.59 63.53 
BLUS 1 2.48 73.27 38.14 61.79 
BLUS 1 2.43 71.44 37.47 62.55 
BLUS 0 2.36 73.77 39.16 55.97 
BLUS 0 2.35 73.16 38.89 55.01 
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BLUS 0 2.34 72.89 38.34 58.11 
INDY 1 2.59 67.43 37.81 65.88 
INDY 0 2.74 65.23 35.83 66.97 
INDY 1 2.90 65.77 35.57 67.89 
INDY 0 2.71 63.16 35.67 69.04 
INDY 1 2.71 66.06 39.32 66.74 
INDY 0 2.57 65.33 37.7 67.53 
INDY 1 2.75 67.23 39.25 66.68 
INDY 1 2.48 68.09 40.26 65.73 
INDY 0 2.66 68.01 39.94 66.09 
INDY 0 2.67 67.47 37.78 66.03 
INDY 1 2.84 66.29 36.99 69.34 
INDY 0 2.64 66.2 37.18 66.57 
INDY 0 2.73 68.47 38.16 66.38 
INDY 1 2.77 68.45 39.35 67.63 
INDY 0 2.62 69.99 39.4 65.83 
INDY 0 2.47 69.46 39.99 62.51 
INDY 1 2.52 71.63 42.17 63.62 
INDY 0 2.66 72.15 39.5 63.08 
INDY 1 2.75 70.44 39.96 65.61 
INDY 0 2.59 72.08 40.65 62.64 
INDY 0 2.47 72.74 40.41 60.18 
INDY 1 2.62 69.77 41.02 63.28 
INDY 1 2.62 71.97 39.69 62.29 
INDY 1 2.40 71.99 41.7 61.99 
INDY 0 2.54 72.63 40.77 61.53 
INDY 0 2.63 71.54 34.79 64.71 
INDY 1 2.69 70.87 35.32 67.09 
INDY 0 2.53 72.74 35.6 66.25 
INDY 0 2.61 72.13 35.31 66.16 
INDY 1 2.75 71.1 35.49 69.57 
INDY 1 2.52 73.11 36.27 67.23 
INDY 1 2.50 71.36 35.09 68.49 
INDY 0 2.49 72.42 35.54 64.64 
INDY 1 2.56 72.71 35.47 67.49 
INDY 0 2.51 75.55 38.54 60.06 
INDY 1 2.55 73.08 35.48 64.18 
INDY 0 2.50 70.32 34.86 65.8 
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INDY 0 2.39 74.51 35.48 59.43 
INDY 0 2.35 72.25 35.32 63.36 
INDY 0 2.42 73.15 35.56 62.25 
INDY 1 2.51 65.1 36.46 63.13 
INDY 0 2.69 62.5 33.13 66.94 
INDY 1 2.68 64.38 33.17 67.78 
INDY 1 2.68 63.35 34.79 67.45 
INDY 1 2.62 62.67 33.03 69.67 
INDY 0 2.64 62.72 32.63 69.11 
INDY 0 2.59 63.19 32.39 68.55 
INDY 1 2.67 60.83 30.9 71.3 
INDY 0 2.59 64.02 33.12 68.52 
INDY 0 2.59 62.04 31.88 69.12 
INDY 1 2.74 69.96 37.09 68.67 
INDY 1 2.70 70.81 36.87 67.28 
INDY 1 2.71 66.69 35.02 72.37 
INDY 0 2.55 68.94 34.52 68.17 
INDY 0 2.52 68.71 35.37 68.02 
INDY 1 2.71 68.16 34.97 70.52 
INDY 0 2.56 68.87 35.02 68.15 
INDY 1 2.58 68.51 36.37 65.4 
INDY 0 2.30 67.21 33.44 66.04 
INDY 0 2.56 64.93 33.98 67.62 
INDY 1 2.44 64.85 31.92 68.84 
INDY 1 2.63 66.51 35.98 70.91 
INDY 0 2.49 67.33 34.69 66.27 
INDY 0 2.46 68.24 35.82 64.2 
INDY 1 2.69 67.74 37.76 66.58 
INDY 1 2.59 67.68 36.89 64.7 
INDY 1 2.64 67.91 37.12 65.12 
INDY 1 2.58 69.6 38.57 64.15 
INDY 0 2.52 68.5 38.06 62.06 
INDY 0 2.55 70.73 38.33 63.21 
INDY 1 2.69 70.34 38.54 68.74 
INDY 0 2.54 71.64 38.16 64.46 
INDY 0 2.36 72.7 38.61 61.24 
INDY 0 2.46 70.89 38.91 63.26 
INDY 0 2.65 70.56 37.84 65.55 
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INDY 0 2.64 71.7 39.22 65.61 
INDY 0 2.55 69.45 38.71 63.63 
INDY 1 2.69 69.67 39.82 68.23 
INDY 0 2.53 70.91 38.23 61.61 
INDY 0 2.61 70.68 39.36 64.42 
INDY 1 2.65 70.39 38.87 65.22 
INDY 1 2.68 70.13 39.19 64.93 
INDY 0 2.58 71.88 39.49 62.9 
INDY 0 2.42 71.34 39.13 60.25 
INDY 0 2.38 70.87 38.63 59.01 
INDY 0 2.35 71.21 40.43 59.33 
INDY 1 2.54 69.14 36.99 68.43 
INDY 1 2.66 68.33 37.72 69.14 
INDY 1 2.60 68.95 38.36 67.12 
INDY 1 2.35 71.6 39.79 64.83 
INDY 0 2.52 70.86 38.73 65.36 
INDY 1 2.70 67.98 37.62 69.21 
INDY 1 2.73 69.21 37.72 67.8 
INDY 0 2.58 71.3 39.08 64.1 
INDY 1 2.63 70.42 38.03 68.17 
INDY 1 2.36 72.16 39.35 61.15 
INDY 0 2.31 74.18 39.64 57.41 
INDY 1 2.31 74.64 39.57 57.23 
INDY 0 2.24 74.78 39.24 55.44 
INDY 1 2.30 74.01 40.73 60.16 
INDY 0 2.17 73.92 38.9 56.66 
INDY 0 2.26 73.01 40.52 58.87 
INDY 1 2.29 73.34 41.59 60.44 
INDY 1 2.30 71.7 37.53 60.45 
INDY 0 2.33 72.44 39.68 57.13 
INDY 0 2.19 73.27 38.13 55.92 
PASP 1 3.01 64.63 38.92 74.15 
PASP 1 2.95 64.4 37.32 73.54 
PASP 0 2.86 64.61 35.46 70.92 
PASP 0 2.83 65.07 38.69 69.53 
PASP 1 2.81 65.24 38.32 71.05 
PASP 0 2.59 68.15 40.02 64.36 
PASP 0 2.68 64.62 38.58 67.02 
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PASP 1 2.77 66.25 38.39 66.84 
PASP 1 2.95 63.43 36.52 72.43 
PASP 0 2.82 61.74 34.71 71.76 
PASP 0 2.71 69.27 38.58 67.65 
PASP 1 2.96 64.13 37.02 71.77 
PASP 1 2.78 67.81 40.67 68.24 
PASP 0 2.76 67.07 39.14 68.58 
PASP 0 2.69 68.46 40.4 67.18 
PASP 1 2.89 64.67 38.02 69.14 
PASP 0 2.81 65.12 35.63 68.75 
PASP 0 2.69 67.13 37.2 67.04 
PASP 1 2.75 69.67 40.16 65.01 
PASP 0 2.74 68.58 39.85 65.47 
PASP 0 2.73 68.45 39.18 63.88 
PASP 1 2.74 68.92 41.03 65.07 
PASP 0 2.72 69.4 39.03 65.23 
PASP 0 2.73 66.06 35.31 68.48 
PASP 1 2.68 68.42 40.6 64.66 
PASP 1 2.74 67.7 40.05 65.82 
PASP 1 2.78 66.54 40.6 67 
PASP 1 2.81 67.73 35.01 70.62 
PASP 0 2.75 68.27 35.34 68.78 
PASP 0 2.76 68.71 34.31 67.5 
PASP 1 2.78 66.35 33.22 70.89 
PASP 0 2.73 68.36 32.48 69.14 
PASP 1 2.68 67.52 35.16 67.35 
PASP 1 2.68 67.03 35.41 69.23 
PASP 0 2.73 68.44 32.78 66.97 
PASP 1 2.73 67.93 34.08 69.39 
PASP 1 2.60 69.75 34.73 66.97 
PASP 1 2.79 66.69 35.49 68.26 
PASP 0 2.57 64.65 31.38 69.03 
PASP 1 2.81 67.17 34.87 69.9 
PASP 1 2.96 57.75 30.45 77.43 
PASP 1 3.04 57.76 30.18 78.25 
PASP 0 3.01 64.92 33.07 73.52 
PASP 0 2.90 63.5 31.6 74.1 
PASP 1 3.00 61.81 34.38 74.04 
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PASP 0 2.92 61.6 31.98 72.13 
PASP 1 2.87 60.18 32.85 73.77 
PASP 1 2.83 60.98 33.73 72.33 
PASP 1 2.99 59.15 32.27 77.68 
PASP 0 2.91 60.98 32.48 73.35 
PASP 1 2.92 62.6 31.88 72.06 
PASP 0 2.77 65.65 35.27 65.77 
PASP 0 2.87 64.14 33.62 68.48 
PASP 0 2.78 62.64 32.9 71.13 
PASP 0 2.71 64.78 34.66 67.79 
PASP 1 2.67 64.62 37.85 66.61 
PASP 0 2.67 66.5 35.64 67.82 
PASP 1 2.88 66.41 35.89 71.4 
PASP 0 2.93 62.85 34.93 71.33 
PASP 1 2.47 71.66 39 60.75 
PASP 1 2.82 64.09 38.41 68.51 
PASP 0 2.75 66.69 36.83 64.83 
PASP 0 2.57 67.56 38.11 59.77 
PASP 1 2.66 66.58 36.68 61.59 
PASP 0 2.79 64.57 37.13 71.49 
PASP 1 2.87 62.37 35.58 74.87 
PASP 0 2.79 64.09 36.66 71.98 
PASP 1 2.83 64.28 36.57 74.2 
PASP 0 2.70 67.32 37.51 68.53 
PASP 0 2.57 69.45 38.2 57.99 
PASP 1 2.58 69.05 37.65 61.46 
PASP 0 2.60 65.79 36.75 62.24 
PASP 0 2.58 66.54 36.28 62.62 
PASP 0 2.47 69.87 38.55 58.43 
PASP 0 2.52 68.82 39.42 58.96 
PASP 1 2.59 67.84 36.77 63.12 
SWIT 0 2.75 61.81 35.77 69.64 
SWIT 1 2.86 64.3 36.64 69.14 
SWIT 1 2.86 64.36 38.01 67.93 
SWIT 1 2.82 62.49 36.17 69.66 
SWIT 1 2.80 65.07 38.72 69.09 
SWIT 1 2.77 63.88 36.83 68.39 
SWIT 0 2.67 64.98 35.09 67.4 
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SWIT 0 2.91 63.34 34.4 70.08 
SWIT 0 2.93 66.32 37.76 72.38 
SWIT 0 2.82 62.07 36.01 69.61 
SWIT 1 2.76 62.24 34.73 68.33 
SWIT 1 2.72 64.76 37.35 67.86 
SWIT 0 2.61 64 35.72 67.33 
SWIT 0 2.66 65.26 37.5 66.77 
SWIT 0 2.69 62.34 35.59 69.58 
SWIT 1 2.79 62.1 36.52 72.37 
SWIT 1 2.76 60.38 35.69 72.55 
SWIT 1 2.81 60.11 38 72.6 
SWIT 1 2.74 60.81 36.43 71.71 
SWIT 0 2.74 62.77 36.03 68.63 
SWIT 0 2.80 63.54 35.82 70.91 
SWIT 0 2.91 63.18 35.96 72.4 
SWIT 1 2.66 65.55 39.21 65.94 
SWIT 1 2.76 62.24 37.78 69.38 
SWIT 0 2.65 65 37.82 65.69 
SWIT 1 2.79 63.95 38.04 68.66 
SWIT 1 2.84 63.23 36.07 70.3 
SWIT 1 2.79 62.26 37.32 70.44 
SWIT 1 2.70 63.61 37.08 68.08 
SWIT 0 2.73 64.35 36.86 67.07 
SWIT 1 2.83 65.43 38.66 69.05 
SWIT 1 2.84 63.38 36.03 69.7 
SWIT 0 2.69 67.37 36.59 64.91 
SWIT 0 2.86 65.47 36.16 68.66 
SWIT 0 2.76 65.8 36.62 66.72 
SWIT 1 2.73 65.59 35.09 68.31 
SWIT 1 2.69 64.03 36.28 68.38 
SWIT 0 2.67 65.9 36.41 64.78 
SWIT 0 2.78 63.63 30.94 73.04 
SWIT 1 2.99 62.29 31.04 77.82 
SWIT 1 2.97 62.21 30.36 77.5 
SWIT 1 2.90 65.22 31.6 74.83 
SWIT 1 2.95 62.57 29.95 77.98 
SWIT 0 2.73 63.99 28.71 72.58 
SWIT 0 2.78 64.22 29.37 73.44 
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SWIT 0 2.78 63.98 29.08 73.07 
SWIT 0 2.62 65.77 28.91 69.71 
SWIT 0 2.80 64.09 28.69 73.26 
SWIT 0 2.66 64.24 30.21 69.38 
SWIT 1 2.90 63.97 32.46 74.39 
SWIT 1 2.86 64.5 32.8 73.33 
SWIT 1 2.78 65.41 32.97 71.06 
SWIT 1 2.86 63.94 31.89 74.56 
SWIT 0 2.68 68.02 31.6 67.21 
SWIT 0 2.75 68.25 31.77 67.05 
SWIT 1 2.68 67.84 31.74 70.48 
SWIT 1 2.59 65.42 31.11 70.92 
SWIT 0 2.64 60 28.77 72.06 
SWIT 1 2.83 58.01 30.15 74.47 
SWIT 1 2.77 57.53 29.87 73.42 
SWIT 1 2.81 56.17 29.46 75.71 
SWIT 0 2.71 61.89 33.6 66.28 
SWIT 0 2.73 58.84 29.16 74.22 
SWIT 1 2.85 56.61 29.59 75.27 
SWIT 1 2.74 59.55 30.5 72.61 
SWIT 0 2.74 60.93 29.71 72.19 
SWIT 0 2.80 57.01 28.93 74.51 
SWIT 0 2.61 58.18 28.88 74.36 
SWIT 0 2.56 58.47 29.35 72.22 
SWIT 0 2.61 67.23 34.81 65.99 
SWIT 1 2.87 64.86 36.36 71.24 
SWIT 1 2.82 63.28 34.61 70.94 
SWIT 1 2.60 69.38 34.42 71.61 
SWIT 0 2.76 64 33.2 70.92 
SWIT 0 2.72 63.73 32.57 70.67 
SWIT 1 2.70 58.41 31.59 73.98 
SWIT 1 2.65 59.29 30.58 72.36 
SWIT 0 2.35 59.54 30.93 67.3 
SWIT 1 2.64 60.28 32.02 72.64 
SWIT 1 2.42 59.61 32.17 70.95 
SWIT 0 2.65 60.35 32.36 71.18 
SWIT 0 2.70 65.52 35.3 66.72 
SWIT 1 2.79 62.46 35.01 69.85 
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SWIT 0 2.56 64.16 33.83 66.46 
SWIT 0 2.77 62.36 33.72 70.19 
SWIT 1 2.87 60.5 34.12 72.01 
SWIT 0 2.48 62.5 33.84 67.35 
SWIT 1 2.67 61.35 35.85 71.05 
SWIT 1 2.59 64.84 35.28 68.73 
SWIT 1 2.73 60.12 33.09 72.46 
SWIT 0 2.60 63.34 34.03 66.49 
SWIT 0 2.43 63.79 33.71 67.71 
SWIT 0 2.55 65.28 32.8 67.61 
SWIT 1 2.45 62.25 33.43 69.05 
SWIT 0 2.66 61.86 33 69.99 
SWIT 0 2.70 63.55 34.75 70.11 
SWIT 1 2.73 62.24 35.48 71.45 
SWIT 1 2.80 61.56 35.29 72.81 
SWIT 1 2.82 62.33 34.41 72.95 
SWIT 1 2.79 62.22 33.42 71.65 
SWIT 0 2.74 62.85 34.34 68.83 
SWIT 0 2.67 64.56 35.16 68.44 
SWIT 0 2.68 64.87 35.29 70.24 
SWIT 1 2.77 64.02 35.64 70.38 
SWIT 0 2.66 70.32 36.93 67.67 
SWIT 0 2.61 64.3 36.36 64.42 
SWIT 1 2.73 62.31 36.37 72.94 
SWIT 0 2.61 65.97 35.77 68.65 
SWIT 0 2.60 63.02 32.4 66.97 
TI85 0 2.67 64.85 39.41 66.72 
TI85 0 2.51 72.1 36.32 58.03 
TI85 0 2.64 69.09 36.57 62 
TI85 0 2.70 66.48 33.79 65.04 
TI85 1 2.77 66.08 35.23 67.87 
TI85 0 2.54 66.21 33.67 61.08 
TI85 1 2.49 67.49 34.86 61.96 
TI85 0 2.04 71.1 38.1 52.16 
TI85 0 2.62 66.32 35.62 61.53 
TI85 1 2.35 68.29 35.85 59.89 
TI85 0 1.99 71.6 38.6 53.74 
TI85 1 2.39 68.91 36.84 58.09 
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TI85 1 2.12 69.72 37.82 53.97 
TI85 1 2.03 71.85 39.16 52.55 
TI85 1 2.36 69.51 37.62 55.66 
TI85 1 2.30 69.47 37.36 58.33 
TIF9 0 2.20 68.62 40.93 56.6 
TIF9 1 2.82 65.99 37.78 67.23 
TIF9 1 2.81 67.26 38.73 67.04 
TIF9 0 2.75 66.11 38.3 67.23 
TIF9 0 2.76 65.27 37.71 68.85 
TIF9 0 2.81 64.96 37.44 67.48 
TIF9 0 2.75 63.07 35.17 67.62 
TIF9 0 2.75 63.32 36.5 68.05 
TIF9 0 2.64 65.09 36.96 66.99 
TIF9 1 2.80 66.51 37.56 67.93 
TIF9 1 2.65 66.84 38.53 66.32 
TIF9 0 2.66 62.12 35.6 67.29 
TIF9 1 2.64 65.42 40.05 65.78 
TIF9 1 2.65 64.34 38.69 66.39 
TIF9 0 2.60 68.33 40.83 63.25 
TIF9 0 2.80 64.07 38.89 69.41 
TIF9 0 2.80 66.38 37.49 69.45 
TIF9 0 2.67 63.92 37.22 68.06 
TIF9 1 2.76 65.87 35.38 65.5 
TIF9 0 2.60 64.39 36.26 61.95 
TIF9 1 2.62 66.19 40.88 64.2 
TIF9 1 2.60 66.94 41.74 64.17 
TIF9 1 2.61 68.34 40.79 61.55 
TIF9 1 2.64 68.12 41.69 61.85 
TIF9 1 2.57 69.14 42.39 61.11 
TIF9 0 2.50 69.2 40.25 58.81 
TIF9 0 2.60 67.82 38.89 61.29 
TIF9 1 2.64 68.61 41.33 61.95 
TIF9 1 2.58 67.8 40.71 60.91 
TIF9 1 2.63 66.13 35.31 68.88 
TIF9 0 2.45 64.06 31.27 64.7 
TIF9 1 2.54 68.58 37.43 64.98 
TIF9 1 2.57 66.41 38.46 65.95 
TIF9 1 2.49 67.44 36.94 65.51 
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TIF9 0 2.49 67.24 36.7 62.46 
TIF9 0 2.44 66.05 32.45 63.6 
TIF9 1 2.60 65.26 37.72 65.2 
TIF9 0 2.36 64.05 30.87 63.47 
TIF9 0 2.32 65.09 31.66 63.85 
TIF9 0 2.41 65.68 34.19 62.58 
TIF9 1 2.56 64.19 35.93 65.14 
TIF9 1 2.55 67 38.64 65.27 
TIF9 1 2.75 60.52 35.69 69.23 
TIF9 1 2.89 59.16 32.34 75.59 
TIF9 1 2.85 65.8 36.41 70.26 
TIF9 1 2.90 63.04 34.06 73.5 
TIF9 1 2.77 63.51 35.68 70.85 
TIF9 0 2.69 65.21 35.89 66.1 
TIF9 1 2.65 65.14 39.29 67.49 
TIF9 0 2.56 64.48 36.16 67.68 
TIF9 0 2.65 61.33 34.85 68.96 
TIF9 1 2.73 61.18 35.22 69.99 
TIF9 0 2.62 63.43 34.17 68.85 
TIF9 0 2.63 61.64 32.4 69.23 
TIF9 0 2.55 63.35 34.18 68.72 
TIF9 1 2.66 67.13 40.28 65.98 
TIF9 1 2.72 65.98 38 67.3 
TIF9 1 2.60 66.79 39.28 65.26 
TIF9 0 2.39 67.26 37.44 61.08 
TIF9 0 2.43 68.04 37.61 63.57 
TIF9 0 2.56 68.41 37.12 63.04 
TIF9 0 2.60 69.33 36.26 62.47 
TIF9 1 2.66 68.69 39.42 66.37 
TIF9 0 2.57 66.58 35.76 64.58 
TIF9 1 2.64 65.97 39.19 65.01 
TIF9 0 2.42 66.91 37.91 59.82 
TIF9 1 2.51 65.92 39.96 62.84 
TIF9 1 2.49 67.7 40.8 63.89 
TIF9 0 2.28 67.07 39.21 58.99 
TIF9 0 2.40 68.56 37.28 59.77 
TIF9 1 2.56 67.17 38.81 63.6 
TIF9 0 2.34 67.61 38.26 59.9 
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TIF9 0 2.30 67.44 38.36 60.08 
TIF9 0 2.38 67.64 37.29 60.98 
TIF9 1 2.50 68.14 39.56 62.57 
TIF9 1 2.57 67.4 39.37 67.28 
TIF9 1 2.57 67.54 39.89 66.39 
TIF9 1 2.58 66.78 38.6 68.57 
TIF9 1 2.62 66.9 40.27 68.68 
TIF9 0 2.56 67.47 37.84 66.1 
TIF9 0 2.47 67.63 38.01 67.33 
TIF9 1 2.60 66.89 38.87 65.63 
TIF9 1 2.51 68.17 39.23 64.22 
TIF9 0 2.60 68.95 37.05 63.53 
TIF9 1 2.64 68 38.62 66.35 
TIF9 1 2.56 68.3 39.55 64.51 
TIF9 1 2.57 67.57 40.01 65.35 
TIF9 1 2.65 67.28 39.3 65.81 
TIF9 0 2.56 69.72 36.92 61.85 
TIF9 1 2.48 67.8 39.81 61.85 
TIF9 1 2.47 68.99 40.97 61.56 
TIF9 1 2.32 68.14 39.88 61.39 
TIF9 1 2.37 67.31 41.13 60.68 
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